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Abstract 
The term sedentary refers to a distinct class of activities which involve 
sitting or reclining and which do not cause an increase in energy expenditure 
above resting levels. Observational studies have reported positive associations 
between both sedentary time and the number of hours spent sitting per day, 
with risk for a number of health outcomes that are independent of moderate to 
vigorous physical activity (MVPA). The total time spent sitting can be amassed 
in different patterns (long and short bouts) and different types (watching TV, 
driving, working at a computer) that may have differential associations with 
health outcomes as well as different confounders that have yet to be properly 
explored. Further, limitations in current measures used to quantify sedentary 
behaviour and the possibility of residual confounding, mean that it is unclear 
whether the posture of sitting itself represents a risk to health or whether sitting 
is actually a proxy for low energy expenditure. This thesis aimed to examine; 
the associations between five separate sitting types with health risk, the 
prevalence of sitting behaviour in England, and the biological mechanisms 
which might underpin the observed negative health consequences of sitting.  
 
Using data from the Whitehall II cohort study the first four studies of this 
thesis examined prospective associations between sitting at work, TV viewing, 
non-TV leisure time sitting, total leisure time sitting (TV and non-TV leisure 
sitting combined) and total sitting from work and leisure, with four health 
outcomes; mortality, cardiovascular disease, type II diabetes and obesity. No 
association between any of the sitting indicators with risk for mortality or 
incident cardiovascular disease was found. TV viewing and total sitting were 
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associated with an increase in risk for type II diabetes following adjustment for 
sociodemographic covariates and MVPA, but were attenuated following further 
adjustment for body mass index. None of the five sitting indicators were 
associated with incident obesity but being obese prior to the measurement of 
sitting was associated with the number of reported hours of daily TV viewing. 
The final study of this thesis examined the acute effect of sustained versus 
interrupted sitting on glucose and insulin metabolism. Interrupting sitting with 
repeated short bouts of light intensity walking significantly improved insulin 
sensitivity while repeated short bouts of standing did not. 
 
Sitting is a prevalent behaviour in English adults and varies by socio-
demographic characteristics. Previously reported associations between sitting 
time and health risk may be confounded by light intensity physical activity and 
obesity. The absence of an effect of repeated standing bouts (a change in 
posture without a change in energy expenditure) suggests that promoting 
reductions in sitting without also promoting increases in movement are not likely 
to lead to improvements in metabolic health. New measures of sedentary 
behaviour are required that can be used in population studies, and can 
discriminate between the posture of sitting, standing and very low levels of 
physical activity of a light intensity. This would permit further studies that are 
needed to clarify the precise nature of the association between sitting and 
health.  
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Definitions 
Throughout this thesis the terms physical activity and sedentary behaviour will 
be defined as follows:  
Physical activity: 
 ‘any bodily movement produced by skeletal muscle that results in energy 
expenditure above resting level’ Caspersen 1985’1 (pp126) 
Sedentary behaviour: 
‘activities requiring seated or reclining postures which do not require an energy 
expenditure substantially above resting levels, typically 1-1.5 METs’ Pate 2008’2 
(pp174) 
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Glossary of epidemiological terms 
Correlates: Each of two or more variables which are mutually or reciprocally 
related. 
Determinants: A variable that has an established reproducible association, or 
predictive relationship with an outcome variable; a correlate but not necessarily 
a confirmed cause. 
Causal direction: the temporal sequence of an event and second event, where 
the second event is understood as a consequence of the first. 
Confounding: The distortion of the apparent effect of an exposure or risk 
brought about by association with other factors that can influence the outcome. 
Residual confounding: Occurs when all potential confounders are not 
adequately measured or analysed or when adjustments are not made for 
confounders that change across time. 
Occult disease: Undiagnosed disease or disease not accompanied by readily 
discernible signs or symptoms. 
 
 
 
 
 
 
 
20 
 
Chapter 1 
Sedentary behaviour and health: An introduction 
 
1.1. Physical activity and health: historical context and the evolving 
definition of sedentary 
Learned scholars have written about the protective effects of exercise 
and associations of impaired health and reduced longevity with ‘sedentary 
living’ for many centuries.2 
 
Hippocrates wrote extensively about the benefits of exercise for a variety 
of ailments including both physical and mental illnesses. Claudius Galenus, 
whose writings from the first and second centuries continued to be studied by 
medical students and practitioners well into the nineteenth century, believed 
that exercise could be used to treat virtually any condition.2  In his 1713 work 
‘Morbis Artificum Diatriba’ (Diseases of Workers) Bernardino  Ramazzini also 
observed that differences in disease risk between workers were not only due to 
exposure to different working environments (including chemical and physical 
agents), but also to differences in the physical demands and postures 
associated with their occupations, and suggested physical activity as a remedy. 
In referring to ‘the clerks, the cobblers, the learned men’ (whom he describes as 
‘chair workers’) Ramazzini states; 
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…’These workers suffer from general ill-health ….caused by their sedentary 
life….It follows that when occasion offers we must advise men employed in 
these trades to interrupt when they can by walking or exercising the body in 
some way’.3 
 
The last 60 years has seen a wealth of observational and experimental 
evidence which supports the conclusions of these early scholars by 
demonstrating the plethora of physiologic benefits and reductions in disease 
risk associated with regular physical activity. In the modern era this began with 
the pioneering work of Dr Jeremy Morris in the 1950’s. In a seminal 
epidemiologic  study of London transport workers Dr Morris observed that bus 
conductors who stood and climbed stairs during their working day had a 
significantly reduced risk of cardiovascular events than bus drivers who 
remained seated.4 In a subsequent investigation titled ‘Coronary Heart Disease 
and the Physical Activity of Work’ published in the British Medical Journal in 
1958 Dr Morris examined the presence of ischaemic myocardial fibrosis in 3800 
middle aged men who had died of causes other than coronary heart disease in 
relation to the relative physical activity involved in their occupations. There was 
clear evidence of a positive association in both presence and severity of the 
condition across categories of decreasing occupational activity (occupations 
were classified based on their physicality as being heavy, active or light).5 
Observations of the beneficial effects of physical activity were not limited to 
studies of occupational behaviour. In 1978 Dr Ralph Paffenbarger published 
data from the Harvard Alumni Study in which 16936 participants provided a self-
report of activities including walking, stair climbing and all sporting activities. It 
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was observed that risk of myocardial infarction was inversely associated with 
both sporting activity and total daily energy expenditure.6 
 
Since these relatively early investigations, physical activity of a moderate 
or vigorous intensity (MVPA) has been demonstrated to have a protective effect 
against a range of non-communicable conditions including cardiovascular 
diseases,7 metabolic conditions,8 obesity,9 and some cancers.10 11 The terms 
moderate and vigorous refers to activities which elicit an energy expenditure of 
greater than three and six metabolic equivalents (METS), respectively.  One 
metabolic equivalent represents a basal metabolic value and is equal to the 
utilisation of 3.5mL/Kg/min of oxygen in adults.12 Therefore, 3 METs represents 
three times the energy cost of rest. The wealth of evidence for a protective 
effect of MVPA has allowed the formulation of public health guidelines for 
improving or maintaining health and traditionally these guidelines have focussed 
on physical activity of at least moderate intensity. The Chief Medical Officers’ 
Physical Activity Guidelines13 state that adults should aim to achieve at least 
150 minutes of moderate intensity physical activity per week in bouts of 10 
minutes or more, or 75 minutes of vigorous intensity activity. Current 
recommendations also advise that adults should undertake exercise to 
strengthen muscles and to improve flexibility on at least two days of the week 
although in order to maintain physical function and support this physical activity 
behaviour.   
 
From these historical observations, through the early examinations of 
physical activity by Morris, Paffenbarger and their contemporaries, right up until 
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the last decade, the term sedentary was used by researchers variously to 
describe, non-exercisers,14 those who did not adhere to physical activity 
recommendations,15 or to the least active members of a population,16 rather 
than any specific measured behaviour or activity. In the Harvard Alumni Study, 
men who expended less than an estimated 2000 kcal/wk through walking, 
cycling, stair climbing and playing sports were classified as sedentary.17 The 
criteria outlined in the Five Cities Study (a comparative population based study 
of five large Indian cities)  considered a participant to be sedentary if they 
walked <14.5 km a week, climbed fewer than 20 flights of stairs a week during 
household or occupational activities and performed no moderate or vigorous 
leisure time physical activity on five days a week.18 Sedentary behaviour  and 
MVPA were viewed as opposite ends of the same continuum and accordingly, 
the health risks associated with ‘being sedentary’, or having a ‘sedentary 
lifestyle’ were attributed exclusively to the absence of the documented 
protective effects of moderate to vigorous physical activity.19 20 
 
This idea was first challenged by Owen and colleagues21 who reported 
that the determinants of sedentary behaviours (those involving sitting) and 
MVPA might be distinct and importantly that they may have independent and 
qualitatively different influences on human metabolism.22-25 Put simply, too 
much sitting  is very different from too little exercise.26 
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1.2. Sedentary behaviour as an exposure: current definitions and its 
importance as an independent health determinant 
In the 13 years since Owen and colleagues first postulated that 
sedentary behaviour is a separate and distinct entity to MVPA, research into 
sedentary behaviour has proliferated26 and there is now widespread conceptual 
and empirical support that it exerts an independent influence on health.2 19 26-30 
 
The English word sedentary is derivative of the Latin verb ‘sedere’ meaning ‘to 
sit’ and sedentary behaviours are defined both in terms of this postural 
topography and their low energy expenditure. This is in contrast to light, 
moderate and vigorous intensity activities which are defined exclusively by their 
energy requirements and can involve a range of postures.  
 
Typically sedentary behaviours are defined as: 
‘activities requiring seated or reclining postures which do not require an energy 
expenditure substantially above resting levels, typically 1-1.5 METs’2 20 
and include; sitting at home i.e. while watching television, working or reading; 
sitting at work; or sitting while commuting in motorised transportation. 
 
The idea that high volumes of sitting behaviours can represent a risk to 
health is a very significant one. In contemporary society, technological 
advancement affecting all areas of life has allowed prolonged sitting to become 
a feature of day to day living across a range of contexts.31 While the population 
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level prevalence of sitting across the UK is unclear, such data is available from 
the US. Analysis of data from over 6000 participants (aged ≥20yrs) in the 2003-
2006 US National Health and Nutrition Examination Survey (NHANES) found 
that mean daily sedentary time (measured using accelerometers and classified 
as time spent below a predetermined movement threshold [this method will be 
addressed in chapter 2]) ranged between 7.3 and 9.3 hrs per day.32 
Proportionally this represented between 51% and 68% of adults’ total waking 
hours. In contrast, moderate to vigorous physical activity accounted for around 
5% of time across the sample33 with the remainder logically consisting of light 
intensity day to day activities. Similar volumes of daily sedentary time were 
observed in a sample of participants from the Australian Diabetes and Lifestyle 
(AusDiab) study where the sample mean was 8.4 hrs per day while moderate or 
vigorous activity accounted for only around 30 minutes.34 
 
In addition to their prevalence, if sedentary behaviours are not a 
displacement of MVPA then it is possible for someone to engage in high 
volumes of daily sitting while also engaging in moderate or vigorous intensity 
physical activity sufficient to meet public health recommendations. It follows that 
any health risks associated with high volumes of sitting could potentially affect 
both those who do and those who don’t achieve 150 mins per week of MVPA. 
Indeed significant metabolic disturbance has been associated with high 
volumes of sitting in adults who report to undertake at least the recommended 
150 minutes per week of MVPA.35 
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Nevertheless, the focus of current physical activity guidelines remains 
MVPA. The most recent UK guidelines,13 while recognising that sedentary 
behaviour or inactivity could potentially be damaging and therefore should be 
minimal, were unable make any specific recommendations regarding healthy or 
unhealthy volumes of sitting.36 Likewise the recently updated recommendation 
for adults on physical activity and public health from the American College of 
sports Medicine (ACSM) and  the American Heart Association (AHA) states only 
that the ‘the recommended amount of physical activity (whether of a moderate 
or vigorous intensity) is in addition to the routine activities of daily living, which 
are of light intensity.’ These activities include self-care, casual walking and 
household tasks.37 Changes in the patterns of these day to day light intensity 
activities could lead to reductions in sitting but again the recommendations do 
not specifically mention sitting per se. The inability to make specific 
recommendations stems simply from the relative recentness of research 
interest into sitting as an exposure and therefore the paucity of observational 
and experimental evidence of its effects relative to physical activity which has 
been the subject of detailed examination for well over half a century. 
 
With sitting representing such a large component of day to day life in 
developed countries and if it does represent a unique and independent health 
risk then an understanding of its prevalence in the UK, its correlates and its 
determinants, and the biological mechanisms underpinning the deleterious 
effect on health outcomes is essential. However, there are many outstanding 
research questions which must be addressed before it can be said with a high 
degree of certainty that these adverse health consequences are uniquely 
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caused by too much sitting, or if what has been observed to this point is 
attributable to a low volume of light, moderate or vigorous intensity physical 
activity.26 The aim of this thesis is to address a number of these outstanding 
questions. 
 
1.3. Thesis overview 
The questions addressed in this thesis follow the first three of the five 
phases of research outlined in the behavioural epidemiology framework 
proposed by Sallis, Owen and Fotheringham.38 Central to the development of 
knowledge regarding sitting behaviour and its effect on health outcomes is the 
measurement of the exposures in observational studies. Chapter 2 addresses 
the application, strengths and limitations of the various self-report and objective 
device-based measures used to quantify sitting or sedentary behaviours within 
the published literature. 
 
In order to determine the outstanding research questions within the field 
of sedentary behaviour research it is necessary to review the current evidence. 
To this end, Chapter 3 features a series of systematic reviews which aim to 
evaluate existing evidence and frame the research questions which become the 
focus of the subsequent chapters. These reviews examine literature regarding 
the associations between sedentary behaviour and the four most commonly 
investigated health outcomes; mortality, cardiovascular disease, metabolic 
disease and obesity. Alongside these themed systematic reviews the case for a 
causal association between sitting and health risk will be evaluated using the 
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nine criteria for causality outline by Sir Austin Bradford-Hill39. From this 
systematic review of the published literature, six separate research questions 
were identified and these fall under three more general headings; what is the 
risk?, who is at risk?, and what causes the risk? 
 
1.3.2. What is the risk? 
The initial questions addressed in this thesis fall under the broader 
question ‘what is the risk?’ Are high volumes of sitting time associated with an 
increased risk to health? Due to growing evidence that the pattern or number of 
interruptions during a given period of sitting is a significant factor in the 
magnitude of the observed deleterious effects on health, the following chapters 
take the novel approach of examining the potentially differential associations of 
five indicators of sitting time (sitting at work, sitting while watching TV, leisure 
time sitting excluding TV viewing, total leisure time sitting, and total sitting from 
both work and leisure time) with health. The four major health outcomes in 
these analyses have been selected as they are the focus of the early literature 
reviews of the negative effects of sedentary behaviour; mortality, cardiovascular 
disease, metabolic disease – specifically type II diabetes, and obesity.  Chapter 
4 will introduce the Whitehall II cohort study and provide some historical 
background for the source of data for these analyses. Chapters 5, 6 and 7 will 
examine the prospective associations of the five sitting exposures with mortality 
risk, risk of incident cardiovascular disease, and the development of type II 
diabetes respectively. 
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It is logical that obesity could be a cause or a consequence of high 
volumes of sitting. Consequently the causal direction of this association requires 
further examination. Chapter 8 therefore addresses the cross-sectional 
associations of sitting with prevalent obesity, the prospective associations with 
incident obesity and the prospective associations of prior obesity with baseline 
sitting time. 
 
1.3.3. Who is at risk? 
Chapter 9 will then address the question ‘who is at risk?’ It is necessary 
to examine the prevalence of sitting in a representative sample of the English 
population in order to determine potential differences in exposure between 
population subgroups which would infer a greater or lesser degree of risk and 
potentially provide a useful basis for targeted public health interventions aimed 
at reducing this risk. 
 
1.3.4. What causes the risk? 
In Chapter 3 it will be evident that there is a growing body of evidence for 
an association between high volumes of sitting and adverse health 
consequences. A fundamental next step in this field is to examine the biological 
mechanisms which underpin these associations. Chapter 10 will focus on an 
experimental investigation into the acute metabolic effects of sustained and 
interrupted sitting. The aim of this study is examine one of the potential 
biological pathways which may be affected by different patterns of sitting. 
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In Chapter 11 the findings, conclusions and evaluations of these six 
investigations are then discussed in the context of the existing literature. This 
chapter will then go on to outline the practical and theoretical applications of 
these findings and to outline the research questions which must be addressed 
in order to continue to develop this field. 
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Chapter 2 
The measurement of sedentary behaviour 
A comprehensive population-health research agenda for sedentary 
behaviour involves; identifying and quantifying associations with health 
outcomes, estimating the population prevalence of sedentary behaviour, 
understanding the relevant correlates and determinants of sedentary 
behaviours, developing interventions to alter the determinants in order to reduce 
the health burden associated with sedentary time and to evaluate the 
effectiveness of the interventions.40 The accurate measurement of sedentary 
behaviour is crucial in all stages of this agenda. The development of precise 
measurement tools which can be used to examine sedentary behaviour on a 
large scale is also essential for future population surveillance, and for identifying 
changing trends.41  
 
The variation in measurement techniques used to examine sedentary 
behaviour and its association with health has led to uncertainty about the true 
nature of the exposure. Self-report measures can assess sitting behaviour while 
objective measures (i.e. those which are independent of the influence of those 
being measured) such as heart rate monitors and accelerometers assess low 
levels of movement or energy expenditure (which are often features of sitting). 
In addition each technique has its own limitations and can introduce 
misclassification and bias in different ways, which adds to this uncertainty. The 
most precise method of assessing sedentary behaviour is direct observation 
although this is impractical in free-living settings and not feasible in large-scale 
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population studies.42 The following chapter will examine methods that have 
been used to measure sedentary behaviours in adult populations. Both self-
report measures (including diaries, logs and questionnaires) and objective 
measurement tools (devices such as heart rate monitors and accelerometers) 
will be discussed in terms of their reliability, validity, strengths and limitations. 
The discussion will then progress to newer and developing methodologies 
which may improve the measurement of sedentary behaviour for future 
research.   
 
2.2. Self-report measures of sedentary behaviour 
As discussed previously, population based research into physical activity 
is rooted in the research of Professor Jerry Morris in the 1950s43 with his 
examination of differences in incident cardiovascular disease of bus conductors 
and drivers according to the physical activity demanded by their occupations. 
Over the next two decades there were a number of studies examining the 
associations between physical activity, classified solely by occupation, and a 
range of health outcomes.44-50 These studies were conducted at a time when a 
substantial proportion of the workforce routinely performed sustained periods of 
moderate to vigorous physical activity as part of their working day,43 a feature 
which is far less true of today’s society. No self-report information of physical 
activity or sedentary behaviour was included in these studies. 
 
In 1964 an article published in the Journal of the National Cancer 
Institute  reported on the association between self-reported physical activity and 
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risk of death from all causes.51 A questionnaire item simply asked ‘how much 
physical activity do you get at work or play?’ with the possible responses: 
‘none’, ‘slight,’ moderate’, and’ heavy’. Following this publication there was a 
major shift away from using occupational classification as a physical activity 
exposure, towards the use of self-report measures which were able to identify 
and quantify the frequency, duration, intensity and type of physical activities 
during both work and leisure.43 
 
Over the last 50 years data collected using various self-report measures 
have been critical in establishing the strong inverse relationship between 
volume of habitual physical activity and disease morbidity and mortality and in 
the development of physical activity guidelines.13 More recently self-report 
measures have been used to examine associations between sedentary 
behaviour and health outcomes in population based research. Such methods 
include behavioural logs,52 and questionnaires.53-56 
 
2.2.2. Diaries and behavioural logs 
Activity diaries require participants to record specific activities (for 
example different sitting behaviours or sitting in different contexts) as they occur 
during a predetermined measurement period. In contrast behavioural logs 
require participants to record the time spent in broad categories of activity, 
usually defined by intensity (sedentary, light intensity, moderate intensity and 
vigorous intensity). An example of this type of measure is the log proposed by 
Bouchard et al57 which requires participants to record their activity intensity at 
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15 minute intervals throughout the day. Examples of activities for each intensity 
classification are provided for reference. Similarly Ainsworth et al58 developed 
an activity log book which requires participants to record time spent in 48 
different activities (7 resting/light intensity, 25 moderate, 16 hard/very hard) 
which are organised as home, transport, occupation, conditioning, or sports and 
leisure activities. Participants were instructed to record only activities with a 
duration of 10 minutes or more.  Ecological Momentary Assessment (EMA) 
diaries can also be effective in capturing sedentary behaviours. Ecological 
Momentary Assessment involves participants recording the main behaviour that 
they are involved in every 15 minutes throughout the measurement period. At 
the same time they respond to two questions relating to where they are and 
who they are with.59  These methods have the advantage of being able to 
provide information on a range of specific sedentary behaviours in the contexts 
in which they occur41 (for example sitting while watching television or while at 
work) as well as overall sedentary time per day/week etc. The real time 
recording of these behaviours may also reduce the measurement error 
associated with difficulties in recalling or summarising behaviours over a 
prolonged period.41 59 This is of particular importance when you consider the 
numerous opportunities for sitting and the intermittent and sporadic nature of 
sitting.  
 
2.2.3. Questionnaires  
The majority of studies which have employed self-report measures to 
quantify time spent in sedentary behaviours have done so using questionnaires 
which have either been completed by participants or administered by 
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interviewers. Questionnaires are a popular method41 because they can be 
implemented on a large scale, are relatively inexpensive and do not alter the 
behaviour under investigation as they involve recalling and recording 
behaviours after they have happened.60 61  Questionnaire items have asked 
respondents to classify (see example a. below) or to quantify (example b. 
below) total habitual sedentary behaviour or to recall the amount of time spent 
engaged in sedentary behaviours over a given period (see example c. below).  
Example a. from the Canadian Fitness Survey62  
‘how much time do you spend sitting during the course of most days of the 
week?’ Responses include: 1) almost none of the time, 2) approximately one 
fourth of the time, 3) approximately half of the time, 4) approximately three 
fourths of the time, or 5) almost all of the time.  
 
Example b. from the Australian Longitudinal Study of Women’s Health.63  
‘think about all the time you spend sitting each day while at home, at work, while 
getting from place to place or during your spare time. How many hours each 
day do you typically spend sitting down while doing things like visiting friend, 
driving, reading, watching television, or working at a desk or computer on a 
usual weekday and b) a weekend day’.   
 
Example c. from the International Physical Activity Questionnaire (IPAQ) as 
used in the Azorean Physical Activity and Health Study (APAHS).64  
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‘Now think about the time you spent sitting on week days during the last 7 days.  
Include time spent at work, at home, while doing course work, and during 
leisure time.  This may include time spent sitting at a desk, visiting friends, 
reading or sitting or lying down to watch television. 
During the last 7 days, how much time did you usually spend sitting on a week 
day?’ 
 
Other questionnaire items have sought to quantify time spent in specific 
individual sitting behaviours including; TV viewing,(as in the Australian Diabetes 
and Lifestyle study, the 1958 British Birth cohort study, and the EPIC-Norfolk 
study)53 65 66 screen time (usually comprising TV viewing time and computer use 
– as described in the Scottish Health Survey),67 leisure-time sitting (as in the 
American Cancer Society’s Cancer prevention Study II),68 occupational sitting69 
or a number of these (as in the Whitehall II study and US National Institute for 
Health – American Association of Retired  Persons Diet and health Study).68 70 
Like other self-report measures questionnaires have the flexibility to obtain 
information on frequency and duration of individual bouts of sedentary 
behaviour and the context in which they occur as well as the total volume of 
daily or weekly sedentary time. 
 
As a very prevalent leisure-time activity in developed countries71  TV 
viewing is commonly examined in studies looking to assess the associations 
between sedentary behaviour and health. Pate et al2 highlight inconsistencies in 
some of these studies that report findings solely on TV viewing time and yet 
discuss these findings in terms of overall sedentary behaviour. Television 
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viewing is one of a range of sedentary behaviours which adults engage in and 
should not be used as a proxy or indicator of a broader pattern of sedentary 
behaviour. Clark et al observed only a fair correlation (Spearman ρ=0.22 95% 
CI 0.20 to 0.25) between self-reported TV viewing time and total sedentary time 
across all age and ethnic groups although further analysis showed the level of 
agreement to vary significantly between population subgroups.72 For example 
there were no significant correlations in people of working age who were in 
either part time or full time employment. This is logical when considering the 
possible contribution of a full time office-based job to total sedentary time. In 
addition, sedentary behaviours which take place in different contexts and fulfil 
different purposes are likely to have different determinants, and their individual 
relationships with health are likely to be influenced by a range of unique 
confounding factors.73 For example TV viewing has been demonstrated to alter 
eating patterns through both food advertising and because of snacking during 
TV viewing itself,74 and the association between occupational sitting and health 
may be confounded by work-related stress.73 By focussing on total sitting time 
or solely on sitting in one domain, different and important associations between 
various sitting behaviours and health will be missed. Therefore, while examining 
total volume of sitting remains useful, it is also necessary to separately consider 
sitting behaviour in all contexts as this may assist hypotheses about potential 
mechanisms and the appropriate selection of potential confounding factors. 
Self-report measures are able to provide this vital contextual information. 
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2.2.3. Reliability and validity of self-report measures 
Ultimately the usefulness of a self-report measure is dictated to a large 
extent by properties of its test-retest reliability and criterion validity.75 Test-retest 
reliability pertains to the consistency or repeatability of a measure i.e. the extent 
to which repeated measurements would yield the same results.76 A number of 
studies have sought to examine the reliability of self-report measures of overall 
or domain specific sedentary time. The self-report measures used in these 
reliability studies have varied in terms of recall period from three days77-80 to 
three months,81 in administration method (telephone or interview) and target 
population. This makes the comparison of findings between studies 
problematic. Accordingly a recent review demonstrated that the correlation 
between test and retest measures varied widely.61 Studies examining single 
items for total sedentary time or composite measures  of sitting from multiple 
domains reported correlational coefficients (intra-class correlation, Spearman’s 
rho, or Pearson’s r, depending on the information available) for repeated tests 
of between 0.37 and 0.97.61 Domain specific measures of sedentary behaviours 
including TV viewing, computer use, sitting at work and while commuting were 
similar with correlation coefficients ranging between 0.32 and 0.93.61 Overall the 
majority of self-reported sedentary time measures showed moderate to high 
correlations with magnitudes similar to those reported for physical activity 
measures,82 and indicating acceptable to good test-retest reliability.61  Healy et 
al also comment that stronger reliability was generally observed for sedentary 
behaviours that tend to be undertaken on a regular basis and for prolonged 
periods of time, than for more sporadic or less regularly performed 
behaviours.61 This is consistent with another review which reported that the 
strongest reliability outcomes were from questions regarding TV viewing and 
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leisure time computer use where intra-class correlation coefficients were 
moderate to high, while the poorest were from leisure-time telephone use which 
might occur less regularly and for shorter durations.41 It is also possible that the 
different types of sedentary behaviour are more or less habitual and that low 
correlation coefficients represent actual variations over time rather than a 
weakness in the measure. 
 
Studies seeking to validate self-report measures of sedentary time most 
commonly examine criterion validity relative to sedentary time measured using 
accelerometers,83 heart rate monitors84 or behavioural logs.52 Most studies have 
shown low to moderate correlations with accelerometer derived sedentary time 
for both single items relating to total sedentary time,80 82 85 86 and for composite 
measures of sitting in a number of domains.87-90 Although direct comparison 
between validation studies is difficult due to differences in criterion measures, 
correlations tend to be higher for domain specific measures61 particularly TV 
viewing, computer use and work related sitting. However caution must be taken 
when interpreting these findings. Criterion validity refers to the extent to which a 
self-report measure is related to a recognised or standardised criterion, usually 
a gold standard measure.76 However, the criterion measures used in these 
validation studies (accelerometers) are not gold standard measures of 
sedentary time and are subject to their own errors and biases61 that will be 
discussed in greater detail below. 
 
Results from studies examining the reliability and validity of self-report 
measures of sedentary time suggest that perhaps the measurement of domain 
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specific behaviours is preferable. The better test-retest reliability and validity 
associated with these measures is logical when it is considered that recalling a 
specific behaviour which occurred for a substantial and more sustained period 
of time (for example sitting and watching a particular TV programme/film or at 
work for a number of hours) is easier than trying to recall total sedentary time 
which would include a mixture of sedentary behaviours that vary in frequency, 
duration and pattern. In light of these differences if a measure of total sedentary 
behaviour is required then all sedentary behaviours will need to be assessed 
rather than relying on a single behaviour as a proxy of the total.  
 
2.2.4. Strengths and limitations of self-report measures 
As discussed, self-report measures are relatively inexpensive and are 
suitable for population surveillance as they can be easily implemented on a 
large scale. In addition the reliability and validity of self-reported measures of 
sedentary time, while very variable, are comparable to self-reported measures 
of physical activity,61 with most studies demonstrating acceptable test-retest 
reliability and moderate agreement with criterion measures. The ability to obtain 
information on a range of different sitting behaviours at the same time is also a 
fundamental advantage of using self-report methods. Although the postural 
topography and biomechanical aspects of sitting do not change between 
contexts, the next chapter will refer to evidence which suggests that the pattern 
of sitting, in terms of the number of interruptions or breaks in a sustained period 
may be important in understanding the association with health outcomes. 
Therefore, the pattern of each sedentary behaviour within each day may also be 
required in addition to total daily duration and weekly frequency.  
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2.2.4.2. Limitations of self-report measures. 
There are a number of limitations of the use of self-report measures to 
assess sedentary behaviour. These include the potential for exposure 
misclassification, the costs of data processing and the potential participant 
burden of various self-report measures.  
 
The participant burden associated with self-report measures of physical 
activity and sedentary behaviour is dependent on the specific measure 
employed. Questionnaires generally require estimates of typical sedentary 
behaviour or the recall of sedentary behaviours over a specific time period (a 
week or a month is common). Participants are administered the questionnaire at 
one time point for a given measurement period (there may be more than one 
measurement period if repeated measures are used to track changes in 
behaviour over time), and therefore the participant burden is fairly small. 
Conversely, there is considerable participant burden associated with the use of 
activity logs as most require the recording of behaviour at very short intervals 
for the duration of the measurement period. This may be particularly 
burdensome when assessing behaviours as ubiquitous as sitting. This burden 
may affect response rates and compliance41  to measurement protocol which 
may lead to selection bias in the sample if those who complete the log are 
different from those who do not. However behavioural logs differ in their specific 
requirements. The log developed by Ainsworth et al58 requires participants to 
record physical activity and sedentary behaviours only at the end of each day, 
so is perhaps less burdensome than others. 
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The cost and complexity of data processing must also be considered 
when selecting a method to measure sedentary behaviour. As discussed an 
advantage of using self-report measures is the ability to collect detailed 
information on specific behaviours in the contexts in which they occur. However 
the volume and detail of this data can make it complicated to reduce, and 
analyse. This is especially true considering the range of specific sedentary 
behaviours that occur in a variety of contexts, sometimes for short periods.  
 
While questionnaires may be relatively inexpensive to produce and 
distribute the administration costs of using behavioural logs for large scale 
studies can also be prohibitive,91 although a number of new approaches and 
technologies have the potential to reduce costs. The US National Cancer 
Institute has recently developed and tested an internet based method for 
recording physical activity and sedentary behaviours.91 While it must be 
acknowledged that not all members of a given population will be familiar with 
internet use or have routine access to the internet this approach certainly holds 
promise. The ease of distributing and retrieving data on sedentary behaviour for 
a vast number of people both nationally and internationally is an obvious 
advantage over sending hard-copy activity logs via post that then require data 
entry and processing. The ease of altering digital content both over time and for 
cultural relevance also allows a great deal of flexibility at relatively little 
expense.91 
   
As discussed above it is likely that some sedentary behaviours are easier 
to recall than others depending on their regularity or duration, and recalling the 
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pattern of sedentary behaviours (in terms of the number of breaks or 
interruptions in a given period) is likely to be especially challenging and 
therefore a significant limitation of self-report measures. In addition, it is 
possible that as a consequence of increased public awareness of the potential 
consequences of inactivity, reporting of sedentary time may be influenced by 
social desirability bias leading to an underestimation of the true scale of the 
exposure.60 All of these factors may lead to misclassification of sedentary time. 
Exposure misclassification can either be non-differential (the probability or 
degree of misclassification is the same across population subgroups) or 
differential (the probability or degree of misclassification differs between 
population subgroups).92 Non-differential misclassification tends to have the 
effect of disrupting exposure-outcome trends and will attenuate estimates of 
true effect towards null.92 Differential misclassification could be observed if the 
degree of misclassification was associated with either the exposure (for 
example sedentary time) or an outcome (for example disease risk), or 
membership to a particular population subgroup or groups, and could potentially 
move estimates of effect away from the null leading to incorrect conclusions. 
The risk of misclassification of the true level of behaviour has to be weighed 
against the low cost of self-reports when making decisions about measurement 
selection.   
 
Issues of misclassification or error in the measurement of physical 
activity and sedentary time caused by imperfect recall or bias in reporting are 
well recognised.93 Objective, device based measurement of sedentary time, can 
address these issues and is therefore an attractive alternative to self-report 
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measures. Recent technological advancements have allowed device-based 
measures to become an increasingly popular choice in the large scale 
measurement of physical activity and sedentary behaviour.   
 
2.3. Device-based measures for assessing sedentary behaviour 
Device based measures have been used in large scale observational 
studies to assess sedentary time, and their utility depends on a number of 
factors. Firstly it is important to consider what an individual device is actually 
measuring. To date, no large scale studies have employed devices which can 
specifically identify sitting; rather they assess physical or physiological markers 
associated with sitting (such as heart rate or movement). For this reason there 
is likely to be some exposure misclassification inherent in any measurement.  
The sources and potential extent of this misclassification must be considered 
when evaluating the strengths and weaknesses of device based measures. 
Similarly the participant burden involved must also be considered as this may 
determine participant drop-out which if differential may cause sampling bias and 
distort any observed associations. The practical and logistical aspects of 
various device based measures (cost, complexity of programming and 
administering to participants, and data reduction and processing) must also be 
considered. Two main device based measures (heart rate monitors and 
accelerometers) have been used to assess population level sedentary time to 
date and these are evaluated below using these criteria. 
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2.3.1. Heart rate monitoring 
Berggren and Christensen94 observed a linear relationship between heart 
rate and oxygen consumption over 60 years ago. This linear relationship has 
subsequently allowed researchers to estimate physical activity intensity from 
acquired heart rate data.95 Modern heart rate monitors such as the Actiheart 
(Actigraph, Pensacola, Florida US) consist of a lightweight transmitter which is 
attached to the chest by adhesive electrodes. Real time heart rate data is then 
transmitted via short wave telemetry and to a receiver, usually hidden in a 
watch, where it is recorded. Physical activity can be classified by intensity using 
predetermined heart rate thresholds. Such systems have also been utilised to 
objectively measure sedentary time by applying an individually calibrated 
threshold value known as Flex Heart Rate (FHR) to recorded heart rate data, 
below which an individual is assumed to be engaged in sedentary behaviour. In 
order to obtain this individual threshold value, both resting heart rate and heart 
rate response to graded exercise need to be assessed. Flex Heart Rate is then 
determined as the mean of the highest resting heart rate and the lowest heart 
rate while exercising.95-97 This has then been applied to free-living heart rate 
data with all time spent at a heart rate lower than or equal to FHR assumed to 
be sedentary time.83 98 99 Ceesay et al100 examined the criterion validity of this 
approach in assessing activities of different intensities. Energy expenditure 
predicted from heart rate yielded a small non-significant underestimation (1.2% 
[95% CI -11.4% to 10.6%]) of true energy expenditure measured simultaneously 
using indirect calorimetry.100  
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2.3.1.2. Strengths and limitations of heart rate monitors 
Assessing sedentary time in this way eliminates the misclassification 
associated with self-report measures and has been shown to be effective in 
estimating physical activity and energy expenditure in adults.100 101 The 
relatively cheap unit cost and low participant burden (particularly for short 
measurement periods) makes them suitable for use in most populations. The 
application of individually calibrated Flex Heart Rate thresholds also make data 
analysis fairly simple. Acquired heart rate data can be used to determine 
frequency and duration of bouts of sedentary behaviour as well as total daily 
sedentary time, and periods where the monitor has been removed are easily 
identifiable. 
 
However, a number of limitations must be acknowledged regarding the 
use of heart rate monitors to assess sedentary behavior including its inability to 
determine posture and the potential limitation of the association between heart 
rate and energy expenditure at low activity intensities.  
 
The most important limitation of using this method to assess sedentary 
time is that heart rate monitoring systems do not measure the posture of sitting, 
rather they infer lack of movement based on low heart rate recordings.102 In 
order for FHR to truly represent lack of movement the linear relationship 
between heart rate and energy expenditure would have to be unaffected by any 
factors other than movement. Further, for the FHR to represent sitting, rather 
than just lack of movement, it would need to differentiate between sitting and 
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standing. In reality, the changes in heart rate between sitting behaviours and 
standing/slow ambulation are small, making this distinction very difficult. In 
addition at low intensities factors such as climate, anxiety, feeding and caffeine 
intake may confound the association between heart rate and movement, 
potentially leading to misclassification of sedentary time as activity. There is 
also a slight lag effect between initiation of activity and heart rate response 
which would also contribute to misclassification.103  
 
2.3.2. Accelerometers 
Accelerometers are small lightweight devices, usually worn on the wrist 
or hip, which measure body movements in terms of their acceleration.61 
Acceleration refers to a change of speed over a given time and is measured in 
metres per second squared (m/s2) or expressed in gravitational acceleration 
units (g: where 1 g is equal to 9.81 m/s2).104 Most accelerometers contain one 
or more piezoelectric acceleration sensors. When these sensors undergo 
acceleration the piezoelectric element within the sensor is subject to 
deformation. This deformation causes a displaced charge to build up on one 
side of the sensors which generates output voltage proportional to the applied 
acceleration.104 Uniaxial accelerometers (such as the Actigraph 7164 and 
GT1M models [Actigraph, Pensacola, Florida, US]) measure acceleration in a 
single orthogonal plane (the vertical plane), while triaxial accelerometers (such 
as the newer Actigraph GT3X and GT3X+) are able to measures accelerations 
in three orthogonal planes (vertical, anteroposterior, and mediolateral 
planes).105 While it would seem advantageous to quantify acceleration in more 
than one axis very high levels of agreement have been reported (Inter-class 
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correlation coefficient= 0.99) between uni and triaxial models (Actigraph GT1M 
and RT3 [Stayhealthy, Monrovia, California])106 when measuring sedentary 
behaviour and physical activity of different intensities. Newer models of 
accelerometer provide an output in the form of raw acceleration data in the SI 
units described above. However in studies that have examined sedentary 
behaviour, which have employed older models of accelerometer (most 
commonly the Actigraph 7164 or GT1M), the raw voltage signal describing the 
magnitude and direction of acceleration is then converted from the SI units, to a 
dimensionless unit known as a ‘count’.61 Accelerometer counts are then 
summarised over a user defined period, or epoch, and are then used to make 
inferences about behaviour or activity intensity/energy expenditure. Generally 
counts registering under a pragmatic yet somewhat arbitrary threshold107 (for 
example <100 counts per minute) have been used to identify sedentary 
behaviour.32 54 108-110  
 
Various studies have validated the use of accelerometers for the 
assessment of free-living activity in adults by examining the agreement between 
a range of devices (and associated data cut points for sedentary time and 
physical activity) with energy expenditure measured in both controlled 
laboratory settings using direct calorimetry111 and in field validation studies 
using indirect calorimetry.112 113  
 
A number of studies have assessed the validity of accelerometer data 
cut-points for use in the assessment of free living physical activity and 
sedentary behaviour.113-116 Kozey-Keadle et al115  examined the criterion validity 
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of an Actigraph accelerometer in classifying sedentary time using the threshold 
value of 100 counts per minute. It was observed that compared to direct 
observation the Actigraph underestimated sedentary time by 4.9% (SE 3.4%).  
Nevertheless data from hip mounted Actigraph accelerometers from a number 
of large scale population studies including the National Health and Nutrition, 
Examination Study (NHANES),54 The Australian Diabetes and Lifestyle Study 
(AusDiab)34 110 and the ProActive UK study,117 have been used to examine the 
associations between sedentary time and a range of health outcomes. 
 
2.3.2.2. Strengths and limitations of the use of accelerometers 
The size and weight of accelerometers makes them relatively 
unobtrusive.  This allows them to provide information on movement patterns 
with minimal burden to the user, 118 that is free from the random and systematic 
errors associated with self-report measures.119 The objective and continuous 
assessment of movement also allows the capturing of short sporadic bouts of 
sedentary behaviour which may be difficult to accurately recall and quantify 
using self-report measures.  
 
There are also a number of limitations in the use of accelerometers to 
define sedentary time which must be acknowledged including the difficulty in 
comparing findings between studies, the inability of accelerometers to define 
posture and the potential for misclassification.  
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To date population based research examining the associations between 
accelerometer defined sedentary behaviour and health have employed 
accelerometers which provide the movement output in counts. Commercially 
available devices will differ in the way raw acceleration data is converted, 
filtered and summarised into ‘count‘ values which prevents the comparison of 
outputs from different devices. The choices of sampling frequency and data cut-
points (≤100 counts per minute is the most common but cut points of up to 200 
counts per minute have been used)120 may also limit the comparability of results 
across studies even if they have used the same device.  
 
Accelerometer based measures allow only the approximation of total 
sedentary time as it is not possible to distinguish between different sitting 
activities. As different sitting activities have different correlates and 
determinants and therefore may also have differential associations with health 
outcomes, the inability to differentiate between them is a key limitation.  
 
It must also be recognised that like heart rate monitors, accelerometers 
do not measure sitting behaviour itself, rather they measure movement. The 
assumption is that a level of movement below that determined by an arbitrarily 
defined threshold is achieved through sitting. Indeed a key limitation of the use 
of accelerometers to define sedentary time is the inability to discern sitting from 
standing107 and although widely used the 100 counts per minute cut-point was 
not empirically derived.115 This of course may lead to a degree of 
misclassification as levels of movement similar to those recorded during sitting 
could be observed during standing.121 It has been observed that the 100 counts 
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per minute threshold can also be exceeded during sitting.42 Kozey et al 
observed that hip-worn Actigraph accelerometer outputs for activities including 
standing while folding laundry or washing dishes can be near or even below 100 
counts per minute.121 Conversely Kozey-Keadle et al115 compared the utility of 
five different Actigraph cut-points for identifying sedentary time (50, 100, 150, 
200 and 205 counts per minute) and found that the 100 counts per minute 
significantly underestimated sedentary time and that a cut point of 150 counts 
per minute was more accurate. In fact all of the cut-points examined over or 
underestimated observed sitting behaviour to a greater or lesser extent, which 
highlights the importance of the chosen threshold value to the extent of the 
potential exposure misclassification. A number of other recent laboratory based 
studies also suggest that only 50-60% of sedentary behaviour is accurately 
classified using established cut-points.107 122-124 This imprecision may not only 
lead to incorrect estimates of the population prevalence of sitting time but may 
also mask true associations with health outcomes. 
 
2.3.2.3. Methodological considerations for the use of accelerometers in 
determining sedentary time  
There are a number of other important methodological considerations 
associated with the use of accelerometers to measure sedentary behaviour, 
including issues of compliance, variations in accelerometer wear time, and the 
determination and exclusion of periods of non-wear. 
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2.3.2.3.2 Non-compliance with wear time protocol 
In existing population studies which have used accelerometers to define 
sedentary time 54 110 117 participants were instructed to wear accelerometers for 
seven days during all waking hours and to remove them only for water based 
activities (as the units used in these studies are not water proof). A number of 
wear time criteria are imposed to determine whether a person’s data are 
included in analyses. Typically a person must have between one32 and four110 
valid wear days each with at least 600 minutes of wear time. However 
compliance with accelerometer protocol has been poor in a number of these 
population studies. For example in the 2003-2006 NHANES cohort only 40-70% 
of participants (compliance varied by age group) wore a hip mounted 
accelerometer for the required 600 minutes per day for 6 days.125 This in itself 
can introduce a selection bias within the data as compliance and therefore 
inclusion, may vary between population subgroups. Several approaches have 
been undertaken by researchers to promote compliance to accelerometer 
protocols including daily monitoring logs, education about the monitor and its 
proper wear, reminder phone calls, financial incentives and identification of 
individual barriers to compliance126 with varying degrees of success.127 
However low levels of compliance and the subsequent possibility of selection 
bias remain significant issues in device based measurement of sedentary 
behaviour.  
 
It is possible to increase compliance by reducing the number of valid 
days needed for inclusion in the analysis, which may reduce the effects of 
selection bias. However this has its own limitations. By including participants 
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with only one or two days of valid wear time, the number of weekdays and 
weekend days will vary between participants. For adults in employment it is 
logical that sedentary and physical activity behaviours will be more discretionary 
at weekends than on weekdays when they may be working. Therefore any 
estimate of average daily sedentary time will be affected by the number of 
weekdays and weekend days included in the measurement period. The only 
way to rule out this possibility is to ensure that all participants are measured on 
the same days (or the same number of working and non-working days) or to 
obtain seven valid days of accelerometer data from each participant.  
 
2.3.2.3.3. Variations in wear time 
Even within a sample of people whose data meets the criteria for 
inclusion, individual accelerometer wear time can be highly variable 61 In order 
to account for this studies have adjusted analyses for minutes of daily wear 
time,128 129 or additionally reported sedentary time as a percentage of wear time. 
61 However, there is potential for further bias in the estimation of sedentary time 
depending on the definition of a valid measurement day and the time of day that 
the monitor is worn.130 The majority of adults are awake for more than 10 hours 
on any given day meaning that the inclusion of data based on only 10 hours 
(600 minutes) of wear time may exclude a significant amount of measureable 
activity. This is particularly important in the measurement of sedentary 
behaviours as it is logical that adults may engage in sedentary behaviours both 
during their working day and between the end of their working day and when 
they go to bed. If an individual had worn an accelerometer from the time they 
awoke, at for example 7.00am, for only the required 10hrs, their data would be 
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included in analyses despite excluding any activity (including presumably at 
least some sedentary time) after 5.00pm. The use of these wear time thresholds 
can also cause comparisons to be made between individuals for whom the 
measurement periods were markedly different. If two individuals had exactly the 
same daily activity profile but one was assessed between 7.00am and 5.00pm 
and the other was assessed between 12.00pm and 10.00pm, their measured 
sedentary behaviour and physical activity may be very different. In this way both 
low compliance and decision rules regarding wear time lead to selection bias 
and misclassification that affect the precision of estimates of sedentary 
behaviour.130 
 
2.3.2.3.4. Measurement and exclusion of non-wear time 
Any periods in which the accelerometer was not worn must be excluded 
from any analysis of activity, although the method by which non-wear time is 
identified may also cause misclassification. Criteria for identifying non-wear time 
within accelerometer data is established a priori. Periods of ‘zero counts’ 
(thought to reflect no movement) of a predetermined duration are considered 
non-wear time. Periods of 60 minutes or more of zero counts have been used to 
define non-wear time in population studies examining using accelerometer 
defined sedentary time.34 54 117 However it is possible that periods of zero counts 
could reflect either non-wear time or sedentary behaviour,131 indeed a recent 
study observed that of 8 accelerometer cut-points examined (0, 5, 10, 15, 20, 
25, 50 and 100 counts per 15 second epoch), a cut-point of zero counts per 
epoch was actually the most sensitive for identifying sitting behaviour.107 An 
inability to adequately make the distinction between periods of non-wear and 
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sitting could lead to an over estimation of sedentary time and exclusion of these 
periods could equally lead to an underestimation of total daily sedentary time.  
 
2.3.5. Developments in device based measures 
  The emergence of newer devices and techniques may help address a 
number of these issues for future population based studies. The activPal 
Professional physical activity monitor (PAL technologies Ltd, Glasgow, UK) is 
an inclinometer based device that adheres to the midline of the anterior aspect 
of the thigh with custom adhesive pads. Due to its unique positioning the inbuilt 
inclinometer is able to distinguish between sitting (when the thigh would be 
more or less horizontal) and standing or walking (when the thigh would be 
vertical). In addition to this it is able, like other devices, to monitor ambulation. 
The activPal has allowed researchers to differentiate between sitting and 
standing132 and has been validated for the measurement of sitting and walking 
in adults,133 for examining posture during free living activities,134 and for 
examining total sedentary time in both adults115 and children.135 It has also 
demonstrated better agreement with direct observation of sedentary time than 
an Actigraph accelerometer (model GT3X).132 The ability to distinguish sitting 
from standing significantly reduces the possibility of misclassification usually 
associated with the use of arbitrary cut-points in accelerometer count data to 
determine sitting. However the activPal has a number of limitations regarding its 
use in population surveillance. Firstly the accurate positioning and attachment 
of the monitor may necessitate its attachment by an investigator rather than the 
participant, preventing the monitors being sent to study participants in the post. 
The monitors are not waterproof and therefore require removal or covering with 
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a custom waterproof sheath when bathing or swimming. Although there is no 
available data on compliance with activPal monitors within large samples these 
steps would add to participant burden and could potentially contribute to non-
compliance or participant drop-out. Removal of the monitor for bathing would 
also increase non-wear time, particularly if it is not reattached immediately 
afterwards. In addition a number of studies have observed a degree of 
misclassification of sitting behaviour as standing. This may be due to irregular 
sitting postures such as sitting on the edge of the chair.136 
 
Studies using accelerometers to examine sedentary time have, to date, 
used hip mounted accelerometers. The placement of accelerometers on the hip 
is most commonly used,137 in order to capture movement  near the wearer’s 
centre of mass.138 However wrist worn accelerometers such as the GENEActiv 
may improve compliance.139 Indeed in the 2011-2012 NHANES wrist worn 
accelerometer study compliance has been reported as being between 70 and 
80% for six valid days of data with a median daily wear time of 21-22 hrs per 
day (compared to 40-7-% using hip worn accelerometers in the 2003-2006 
NHANES). A subsample of participants from the 11th Phase (2012-13) of data 
collection in the Whitehall II cohort study were also asked to wear a wrist 
mounted GENEActiv accelerometer and over 94% of participants met the wear 
time  inclusion criteria (≥ two weekdays and two weekend days).140   
 
 In addition, several newer monitors including the Actigraph GT3X+ and 
the GENEActiv  (ActivInsights Ltd, Kimbolton, Cambridge UK) can not only be 
worn on the wrist but can be worn in water which eliminates the need to remove 
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the monitor at any point during a given measurement period. The possibility of 
24 hour monitoring would provide a far clearer more inclusive measure of a 
person’s activity and would reduce the potential misclassification associated 
with minimum wear time thresholds and the identification of non-wear time. 
Twenty-four hour monitoring would be of particular benefit when assessing 
sedentary behaviour as it is logical to assume that people are likely to engage in 
sedentary behaviours first thing in the morning (for example when they are 
sitting eating breakfast) or at the end of the day before they go to sleep and that 
these periods are the most likely to be affected by missing data due to non-
wear.  
 
Developments in the treatment of accelerometer output data also have 
the potential to improve the precision with which sedentary behaviour can be 
measured. The Actigraph GT3X+ and the GENEActiv monitors provide output in 
the form of raw unfiltered acceleration data which not only allows direct 
comparison between monitors and between studies but also allows the use of 
pattern recognition approaches to identify sitting.  
 
Pattern recognition is a branch of artificial intelligence concerned with 
classifying or describing observations from numeric data using a set of pre-
determined patterns or algorithms. When applied to accelerometer data the 
identification of behaviours using the characteristics of their specific data pattern 
would seem to address many of the problems inherent in the use of movement 
cut-points to denote specific activities.42 These patterns are determined using a 
‘training’ study featuring the behaviours or activities of interest  and can then be 
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used  to identify these same behaviours in real time surveillance data.  In this 
case statistical or structural patterns in raw acceleration data associated with 
specific activities such as sitting or standing can be recognised and quantified 
providing precise real time data on the patterns frequencies and durations of 
sedentary activities. Studies have shown reasonable success in classifying a 
small range of controlled physical activities in adults.136 141  
 
The utility of pattern recognition is highly dependent on the activities 
used in the training study although there is evidence that it can be used to 
identify sitting behaviour with a reasonable degree of accuracy.142 One example 
of this approach is the ‘Sedentary Sphere’, a tool developed by GENEActiv for 
the analysis of data from a wrist worn GENEActiv monitor. When triaxial wrist 
acceleration data are plotted in three dimensional space, periods of consecutive 
points form distinct clusters which can be differentiated by their position and 
distribution. When a person is sedentary, gravity provides the primary signal to 
the monitor and the clusters are distributed on the surface of a sphere of radius 
1 g.143 Any additional acceleration caused by movement will cause the clusters 
to depart from the surface of the sphere to a greater or lesser extent depending 
on the magnitude of the acceleration. The positioning of the clusters during 
various activities can, once observed, be used to identify the same activity in 
the future. The identification of sitting from data plotted on the sedentary sphere 
is based on the proximity of the clusters to the surface of the sphere indicating 
little or no acceleration, and the most likely posture based on the orientation of 
the arm. Higher than 15 degrees below the horizontal indicates a sitting or 
reclining position and lower than 15 degrees below the horizontal indicates a 
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standing position. A recent validation of this method showed that classification 
of sitting during free-living conditions was significantly correlated with sitting 
measured using the activPal monitor (r=0.93, p<0.001).144 Although the degree 
of misclassification will most likely depend on the population under observation, 
the classification of the postural aspects of sitting using data from an 
accelerometer which can be worn on the wrist for extended periods without 
removal shows significant promise for the determination of sitting behaviour in 
future population studies. 
 
As discussed a major limitation of current device base measurement is 
the absence of contextual information about the type of sitting activity which is 
being undertaken.  Direct observation is the criterion standard for behavioural 
assessment although this is impractical in free-living settings. Direct observation 
is also often required in pattern recognition approaches to initially define data 
patterns for the identification of free-living activity.42  The utility of pattern 
recognition approaches is dependent on the ability of defined patterns to 
accurately identify specific behaviours. Behaviour misclassification at the 
algorithm training stage will lead to inaccuracy in the measurement of free living 
behaviour. As such studies have employed laboratory based protocols with a 
small range of behaviours, which are directly observed, to train the algorithm 
simply because of this need for precision.  
 
However, wearable cameras may provide a suitable proxy for direct 
observation, which is feasible to deploy in free-living environments. Cameras 
such as the Microsoft SenseCam42 are worn around the neck and capture and 
 
 
60 
 
store thousands of daily images through a wide-angle (fish-eye) lens that 
maximises the field of view. This  means that nearly everything that is seen by 
the wearer is captured by the camera.145 Photographs are taken automatically 
every 30 seconds although a number of electronic sensors built into cameras 
such as the SenseCam prompt additional image capture in response to 
changes in light level or the detection of a person in front of the camera.145 
Images are downloaded, coded and postures and behaviours classified based 
on existing taxonomies. Wearable cameras have the potential to provide an 
important measurement advantage over other devices as they enable 
simultaneous domain and contextual information about sedentary behaviour to 
be collected.42 146 
 
Image capture data may also allow greater understanding of the 
correlates of sedentary behaviours and the measurement properties of certain 
types of sitting. For example hip-stationary activities may be classified as 
sedentary by movement sensors when they are not (some resistance and 
conditioning exercises). Some activities occur concurrently such as sitting, 
watching television and eating and this is often not adequately captured by self-
report.42 Although sitting or TV viewing may be the behaviours of interest, 
associations between these behaviours and health may be confounded by 
dietary factors which may not be recorded and identified using self-report 
measures. Information from wearable cameras can be used alongside time-
stamped accelerometer data to provide 24 hr information on both movement 
and activity type which would allowing the precise quantification of sedentary 
behaviours in the domains in which they occur. Coded images could also 
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support pattern recognition models by allowing the training of algorithms using 
free-living participant data featuring a wide range of activities. These algorithms 
could then be applied to large scale epidemiologic cohorts.42 This approach has 
already been used in a study examining the behavioural characteristics of 
women at risk of breast cancer.147 
 
2.4. Summary 
The definition of sedentary behaviour  proposed by Pate2 and described 
in the previous chapter is ontologically complex as it combines two distinct 
concepts: behavioural topography (‘seated or reclining postures’) and metabolic 
rate (‘do not require an energy expenditure substantially above resting levels’).  
To date, researchers have often conflated the different features of sedentary 
behaviour (i.e. postural topography, type, and energy expenditure) by 
measuring one and inferring or ignoring the others.20 Self-report measures 
identify time spent in certain sitting behaviours and it is assumed that energy 
expenditure is below 1.5 METs and movement is minimal (<100 accelerometer 
counts per minute), while accelerometers and heart rate monitors can measure 
movement or physiological consequences of movement and it is assumed that 
all activity below a predetermined threshold represents sitting.  
 
Technological advancement in the field of physical activity and sedentary 
behaviour measurement has led to an increasing focus on device based 
measures.93 However there are advantages and limitations of both self-report 
and device based approaches to measuring sedentary behaviour. Self-report 
measures are able to provide rich information on specific behaviours in context 
and allow the separate examination of these behaviours and their potentially 
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differential associations with health outcomes. However they rely on the 
accurate recall of often sporadic behaviours and are subject to misclassification, 
positive representation and bias.42  Device based methods are able to provide 
accurate reliable data on movement over extended periods but as discussed 
they cannot discern posture and can introduce misclassification and bias due to 
decisions made regarding data processing. 
 
Decisions on the use of various measures currently available would be 
greatly improved by a more comprehensive understanding of how sitting can 
negatively affect health. By establishing the underlying biological mechanisms it 
will be possible to identify which features of sitting behaviour are important from 
a health perspective and inform decisions regarding measurement.   
 
Given the limitations of the current available methods for assessing 
sedentary behaviour in population studies, the ideal measurement tool would: 
 Be accurate and reliable across different population groups 
 Distinguish between sitting and standing/walking 
 Provide contextual information about the various sitting activities which 
are being undertaken 
 Be low cost, have low participant burden and be able to be worn 
continuously for extended periods of time 
 Produce data that are easily analysed and interpreted 61 
 
Currently no such individual measure exists. The use of a combination of 
self-report and device based measurement would seem logical in order to 
achieve both reliable continuous assessment with qualitative information of 
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types of sedentary activities. However advances in objective monitoring 
(including newer devices such as wearable cameras) and in data treatment and 
analysis may in future allow the accurate identification of sitting behaviour in 
population studies during free-living conditions without the misclassification 
associated with self-report measures. These methods hold promise for the 
future of the surveillance of sedentary behaviour at a population level and will 
enhance our understanding of the associations between sitting and health.  
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Chapter 3 
Review of current literature 
3.1. Introduction and overview 
Since sedentary behaviour was first identified as a potential independent 
risk factor for chronic disease a large body of evidence has developed 
regarding the associations between sitting and various health outcomes. In 
order to identify the outstanding research questions in this field it is first 
necessary to review the existing literature. The following chapter therefore 
contains a systematic review of existing research relating to sitting behaviour 
and four health outcomes: mortality (all-cause and cause specific), 
cardiovascular disease (CVD), metabolic disease and obesity.  Following a 
discussion of the evidence regarding sedentary time and these four outcomes 
three subsequent sections will examine:  evidence for associations between 
sedentary time and metabolic risk markers, the effects of sitting pattern as well 
as duration on the associations between sitting and health, and the potential 
biological mechanisms which might underpin the associations between sitting 
and health. 
 
The case for a causal relationship between sitting time and health will 
also be evaluated.  In 1965 Sir Austin Bradford-Hill proposed a set of criteria 
with which to evaluate the likelihood that an observed association between an 
exposure and an outcome is causal.39 None of the nine criteria alone can infer 
causality: they were not intended as prescriptive rules which must all be obeyed 
before causality can be accepted. Rather they are nine perspectives from which 
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to examine the relationship between exposure and outcome. Bradford-Hill’s 
nine criteria for causality are as follows; 
1.  Coherence 
‘How well does the idea of a detrimental effect of sedentary behaviour fit with 
current health trends? The cause-and-effect interpretation of the exposure 
outcome relationship should not seriously conflict with accepted facts about the 
outcome.’ 
2. Analogy 
‘Have associations between similar exposures and diseases been shown?’  
3. Consistency 
‘Have the findings been replicated in different settings, using different 
methodologies/populations?’ 
4. Biological gradient 
‘Does there appear to be a dose response relationship between exposure and 
outcome?’ 
5. Strength 
‘The stronger the association between exposure and outcome the less likely it is 
to merely reflect the influence of some other aetiological factors’ 
6. Temporality 
‘Does the exposure precede the outcome or is reverse causality possible?’ 
7. Specificity 
‘Are the exposure and outcome measures specifically defined? Is there an 
inherent relationship between specificity and strength in that the more 
accurately defined the outcome and exposure the stronger the observed 
relationship should be? 
8. Plausibility 
‘Is it plausible that sedentary behaviour affects health?’  
9. Experiment 
‘The demonstration that under controlled conditions, manipulating the exposure 
causes change in the outcome.’ 
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The extent to which the current evidence meets these criteria will be 
examined and the case for a causal association between sitting time and health 
evaluated.  
 
As discussed there are a number of similar definitions of sedentary 
behaviour and a range of measurement tools have been used to try and 
quantify time spent in these behaviours in different ways. Despite this, a number 
of terms (sedentary time or behaviours/sitting/inactivity) have been used 
interchangeably and do not always accurately reflect what is being measured. It 
is therefore important, for consistency, to operationally define the relevant terms 
for the purposes of this review. As the term ‘sedentary behaviour’ refers to 
sitting activities (and the postural topography associated with sitting is an 
important part of the definition) the terms ‘sitting/sitting time’ will be used to refer 
to time spent sitting where some authors have used ‘sedentary time.’ Total 
sitting time will refer to sitting time from all spheres of life (occupational, 
transport and leisure time). Specifically measured sitting behaviours such as 
television viewing time or screen time refer to time spent sitting engaged 
primarily in that particular activity. Combined sitting measures such as ‘leisure 
time sitting behaviour’ comprised of a number of sitting activities will be detailed 
individually as they arise. As discussed in the previous chapter, objective 
measurement tools cannot determine changes in posture, (rather they measure 
movement or a physiological consequence of movement) so where an objective 
measure has been used to infer sitting based on accelerometry or heart rate 
monitoring the exposure will be referred to as objectively defined sedentary time 
(and the specific methodology detailed as necessary). 
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3.2. Methods 
In order to assess the current evidence base regarding the association 
between sitting behaviour and health outcomes a systematic review was 
conducted using the Medline research database, in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. The focus of this review was studies examining 
associations between self-reported sitting or objectively defined sedentary time 
with mortality, cardiovascular disease, metabolic disease (including type II 
diabetes mellitus) and obesity published since 1st October 1991 (to give a 
period of 20 years from the first iteration of the literature search). As ‘sedentary 
lifestyle’ was only recognised as a medical subject heading (MeSH) term in 
2010, the search protocol featured a broad range of search terms to incorporate 
exposures including specific common sitting activities and combined measures 
of sitting from a number of domains. Major topic headings were included for 
health outcomes (mortality, CVD, obesity, metabolic disease, metabolic 
syndrome X, and diabetes mellitus) as well as general search terms for these 
outcomes and associated risk factors. 
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3.2.2. Systematic review search strategies 
The search strategy for the systematic reviews is detailed below. 
Example Search Strategy 
1 AND (2 OR 3 OR 4 OR 5 OR 6) AND 7. 
1. sedentary[Title] OR sitting[Title] OR TV [Title] OR television[Title] OR 
sedentary lifestyle [MeSH Terms OR sedentary/epidemiology [MeSH Terms OR 
"sedentary"[Title/Abstract] OR "sitting"[Title/Abstract])  
2. AND ("mortality"[MeSH Major Topic] OR "mortality/epidemiology"[MeSH 
Major Topic] OR "death"[MeSH Major Topic] OR all-cause mortality[Title] OR 
mortality[Title] OR death[Title])  
3. AND ("cardiovascular disease"[Title] OR "cardiovascular risk"[Title] OR 
"cardiovascular diseases"[MeSH Terms]) 
4. AND ("type ii diabetes"[Title] OR "diabetes"[Title] OR "type ii diabetes 
mellitus"[Title] OR "insulin resistance"[Title] OR "insulin sensitivity"[Title] OR 
"metabolic syndrome x"[Title] OR "metabolic syndrome"[Title] OR "diabetes and 
complications"[MeSH Major Topic] OR insulin resistance[MeSH Major Topic] 
OR "metabolic diseases"[MeSH Major Topic] OR "metabolic syndrome x"[MeSH 
Major Topic]) 
5. AND ("obesity"[Title] OR "obesity/adiposity"[Title] OR "adiposity"[Title] OR 
"waist circumference"[Title] OR "body mass index"[Title] OR "body fat 
percentage"[Title] OR "obesity"[MeSH Major Topic] OR "overweight"[MeSH 
Major Topic] OR body mass index"[MeSH Major Topic]) 
6. Limits; English, Journal articles, Adults subjects, published between 
01.10.1991 and present   
 
Selection for the review was dependant on meeting a number of prespecified 
criteria. For inclusion, studies must: 
1. Be cross-sectional or prospective in design 
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2. Report data on adults( ≥18 years of age) 
3. Employ a specific measure of sitting or sedentary behaviour/s. These 
measures could be self-report or objective, categorical or continuous, 
and could focus on sitting during leisure time and/or occupation sitting. 
Studies featuring measures such as sedentary lifestyle (as defined by an 
absence of moderate to vigorous physical activity) were also excluded. 
4. Include one of the following as an outcome: Mortality, cardiovascular 
disease, metabolic disease, diabetes, or obesity. 
 
The search was limited to articles published in English and searches for 
each health outcome were carried out separately. Articles related to mortality 
could feature analyses of sitting time with mortality from either all-causes or 
from specific diseases such as cardiovascular disease or cancer. 
Cardiovascular disease outcomes could include non-fatal myocardial infarction, 
heart failure, stroke or transient ischaemic attack (TIA), or a cardiometabolic risk 
score such as the Framingham score.  Metabolic disease outcomes include 
type II diabetes mellitus, metabolic syndrome or insulin resistance.  Obesity 
outcomes included BMI, waist circumference, weight gain or adiposity. The 
reference lists from papers meeting the inclusion criteria, and previous review 
articles were additionally searched by hand for relevant articles. Following 
literature searches and the removal of duplicate articles, titles and abstracts 
were reviewed to exclude articles outside the scope of the review.  Full text 
versions of any potentially eligible articles were then obtained to ensure they 
met the inclusion criteria described above. The associations reported in the 
review are from the final fully adjusted models (where both adjusted and 
unadjusted models are reported) in each analysis presented in the individual 
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manuscripts. Fully adjusted models are compared to allow discussion of the 
treatment of well documented potential confounders such as BMI and physical 
activity.  Figures 3.1-3.4 describe the evidence synthesis process and 
information flow through each phase of each review. Figure 3.5 illustrates the 
results of the evidence synthesis in terms of the number of positive, inverse and 
null associations reported between sitting time or objectively defined sedentary 
time and the four health outcomes in the existing literature.  
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Figure 3.1.  Evidence synthesis and information flow through different stages of 
the systematic review of studies examining sedentary behaviour and mortality 
risk 
 
No. of articles from data base 
searches = 243 
No. of articles identified through 
other sources = 12 
No. of articles after duplicates 
removed = 244 
No. of articles screened for 
relevance = 244 
No. of full text articles assessed for 
eligibility = 22 
No. of articles included into qualitative 
synthesis = 13 
No of articles excluded = 207 
No. of full text articles excluded: 
 3 - not journal articles 
 1 - published too early 
 1 - not published in English 
 4 - review articles 
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Figure 3.2.  Evidence synthesis and information flow through different stages of 
the systematic review of studies examining sedentary behaviour and 
cardiovascular disease risk 
 
No. of articles from data base 
searches = 2819 
No. of articles identified through 
other sources = 24 
No. of articles after duplicates 
removed = 2819 
No. of articles screened for 
relevance = 2819 
No. of full text articles assessed for 
eligibility = 46 
No. of articles included into qualitative 
synthesis = 12 
No of articles excluded = 2773 
No. of full text articles excluded: 
 2 - not journal articles 
 6 - child/adolescent samples  
 3 - published too early 
 1 - not published in English 
 7 - review articles 
 15 - Focus on CVD mortality 
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Figure 3.3.  Evidence synthesis and information flow through different stages of 
the systematic review of studies examining sedentary behaviour and risk of 
metabolic disease including diabetes and insulin resistance 
 
No. of articles from data base 
searches = 1472 
No. of articles identified through 
other sources = 24 
No. of articles after duplicates 
removed = 1471 
No. of articles screened for 
relevance = 1471 
No. of full text articles assessed for 
eligibility = 53 
No. of articles included into qualitative 
synthesis = 38 
No of articles excluded = 1418 
No. of full text articles excluded: 
 1 - not journal article 
 10 - child/adolescent sample 
 4 - review articles 
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Figure 3.4.  Evidence synthesis and information flow through different stages of 
the systematic review of studies examining sedentary behaviour and obesity, 
adiposity or weight gain. 
 
No. of articles from data base 
searches = 2071 
No. of articles identified through 
other sources = 34 
No. of articles after duplicates 
removed = 2074 
No. of articles screened for 
relevance = 2074 
No. of full text articles assessed for 
eligibility = 124 
No. of articles included into qualitative 
synthesis = 83 
No of articles excluded = 1950 
No. of full text articles excluded: 
 1 - not journal articles 
 26 child/adolescent samples 
 1 - not published in English 
 4 - review articles 
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Figure 3.5.  A summary of the number of individual cross-sectional and 
prospective analyses (including subgroup analyses) from studies (n=146) 
reporting positive, negative and null associations between sitting behaviour or 
objectively defined sedentary time and health outcomes including mortality, 
CVD, metabolic disease (including diabetes) and obesity. The green bars 
represent a positive association between sitting time and health, the red bars 
represent null associations and the blue bars represent negative associations. 
 
 
3.3. Sedentary behaviour and mortality 
There are currently thirteen published prospective studies examining the 
associations between sedentary behaviour and mortality.53 55 62 67 70 148-155  A 
number of these studies have examined multiple mortality outcomes (29 sets of 
analyses are included in the review in total) and all have reported at least one 
significant positive association. These studies are summarised in appendix 1.1. 
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Twelve 53 55 62 67 70 148 149 151-155 of these studies employed self-report measures 
of sitting and of these, five focussed exclusively on TV viewing or screen time 
as their exposure,53 65 67 70 154 while only two examined multiple sitting 
exposures.70 148 One study examined associations between mortality risk and 
accelerometer defined sedentary time.150 
 
3.3.2. Total sitting and mortality risk 
The earliest analysis of the association between self-reported total sitting 
time was part of a study by Weller and Corey155 who observed that sitting ‘more 
than half the time’ during the day was associated with an increased risk of all-
cause and cardiovascular mortality. However, sitting was not the main exposure 
of interest in this study and the associations reported were unadjusted.  There 
are a large number of health related behaviours, biological variables and 
demographic factors which may confound associations between sitting and 
health outcomes, and these must be accounted for in any analyses. Importantly, 
by not adjusting for physical activity it is not possible to examine whether sitting 
and physical activity are independent influences on health, which is a central 
hypothesis in this field of research. More recently Katzmarzyk et al 62  examined 
mortality rates in a representative sample of 17000 Canadians over a 12 year 
follow up period. Significant differences in mortality risk were observed across 
five categories of self-reported total daily sitting time. Overall a dose-response 
relationship was observed between categories of daily sitting time (1. almost 
none of the time, 2. approximately one fourth of the time, 3. approximately half 
of the time, 4. approximately three fourths of the time, or 5 almost all of the 
time) and mortality rate which remained significant when stratified by physical 
activity level, BMI and smoking status categories. As well as all-cause mortality 
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(Hazard Ratios [HR] 1.00, 1.00 (95% CI 0.86, 1.18), 1.11 (95% CI 0.94, 1.30), 
1.36 (1.14, 1.63), 1.54 (1.25, 1.91); Ptrend <0.0001) (Ptrend<0.0001, significant 
positive relationships were observed with CVD (1.00, 1.01 [95% CI 0.77, 1.31], 
1.22 [95% CI 0.94, 1.60], 1.47 [95% CI 1.09, 1.96], 1.54 [1.25-1.91] ; Ptrend 
<0.0001) and other-cause (all causes except CVD) mortality (1.00, 1.06 [95% 
CI 0.78, 1.44], 1.15 [95% CI 0.84, 1.57], 1.65 [95% CI 1.18, 2.31], 2.15 [95% CI 
1.47, 3.14]; Ptrend <0.0001) but not cancer mortality. In largest prospective study 
of mortality and self-reported total sitting time, van der Ploeg et al153 analysed 
data from 222497 participants from the Australian ’45 and up’ cohort study over 
a four year follow-up period. Increasing daily sitting time was positively 
associated with all-cause mortality risk (HR 1; 1.02, [95% CI 0.95-1.09]; 1.15 
[95% CI 1.06, 1.25]; and 1.27 [95% CI 1.27, 1.55] for 0≥ and <4hrs/day, 4≥ and 
<8 hrs/day, 8≥ and <11 hrs/day, and ≥11 hrs/day respectively. Leon-Munoz et 
al151 also observed that in 2635 older adults, changes in daily sitting time 
influenced mortality risk. Those who, over a nine year period, consistently 
reported a daily sitting time above the sample median had a 25% greater 
mortality risk than those who consistently reported sitting less than the sample 
median, and 19% greater mortality risk than those whose daily sitting time 
increased from below to above the sample median during follow-up. While 
previous studies have assumed that sitting time, measured once at baseline, is 
relatively stable, this is the first study to demonstrate how trends in sitting time 
are associated with mortality risk during the follow-up period. 
 
Only one study has examined mortality rates across categories of 
accelerometer defined sedentary time. Koster et al150 compared all-cause 
mortality rates across quartiles of daily sedentary time (defined as time spent at 
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≤100 accelerometer counts per minute) and compared to the reference 
category (lowest quartile), mortality rates were significantly higher in the third 
(HR 2.74, 95% CI 1.35, 5.52) and fourth (HR 3.26, 95% CI 1.59, 6.69) quartiles.  
 
3.3.3. TV viewing and mortality risk 
Dunstan and co-workers53 examined television viewing and its 
association with mortality from all-causes, CVD and cancer in a sample of 8800 
(3846 men and 4954 women) from the Australian Diabetes and Lifestyle 
(AusDiab) study over a six year follow up period. It was observed that an 
incremental increase of 1hr/day of television viewing was associated with an 
11% (95% CI 1.03- 1.20) and an 18% (95% CI 1.03-1.55) increase in all-cause 
and CVD mortality risk respectively.  Compared with a television viewing time of 
≤2 hrs/day the fully adjusted hazard ratios for all-cause mortality were 1.13 
(95% CI 0.87-1.36) for >2 to ≤4 hrs/day and 1.46 (95%CI 1.04 - 2.05) for >4 
hrs/day. For CVD mortality, corresponding hazard ratios were 1.19 (95% CI 
0.72 to 1.99) and 1.80 (95%CI 1.00 to 3.25). These figures are adjusted for age, 
sex, waist circumference, smoking status, alcohol intake, education, diet quality, 
blood lipid profile, glucose tolerance and leisure time exercise behaviour. No 
such association was evident between TV viewing and cancer mortality.  In a 
study of over 13000 British men and women, Warren et al154 observed that over 
10 years of follow up each 1 hr/day increase in TV viewing time was associated 
with a 4% increase in risk of mortality from all-causes (HR 1.04, 95%CI 1.01, 
1.09) and a 7% increase in risk of mortality cardiovascular disease mortality 
(HR=1.07, 95% CI 1.01, 1.15) following adjustment for age, family history, 
diabetes, blood lipids, smoking status, alcohol intake and adherence to physical 
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activity guidelines. Again, in this analysis no association was observed with 
cancer mortality.  
 
In another British study of over 4500 participants from the Scottish Health 
Survey, Stamatakis et al 67 observed a significant positive association between 
hours of daily leisure screen based entertainment (including TV/video viewing, 
computer use and video gaming) with mortality risk over a 4 year follow-up 
period. They observed fully adjusted (covariates included age, sex, 
longstanding illness, occupational activity level, smoking status, alcohol intake, 
marital status, BMI and minutes of daily MVPA) hazard ratio for all-cause 
mortality of 1.52 (95%CI 1.06, 2.16) for those engaging in at least 4hrs/day of 
screen time compared to those who engaged in less than 2hrs/day.  
 
3.3.4. Multiple discrete sitting behaviours and mortality risk 
Only two studies have examined the associations between mortality risk 
and multiple sitting behaviours in the same cohort.   Matthews et al70 
demonstrated that both TV viewing and total daily sitting time were associated 
with all-cause and cardiovascular mortality (Ptrends <0.0001 for both) but not 
cancer mortality in over 240000 US adults following adjustment for age, sex, 
education, smoking, diet, race and MVPA. However Chau et al148 observed that 
while self-reported total daily sitting time was significantly associated with all-
cause and cardiometabolic disease related mortality (Ptrends <0.0001 for both) 
following adjustment for covariates including MVPA, self-reported daily TV 
viewing and occupational sitting time were not.   
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All of the thirteen prospective studies examining the associations 
between an indicator of sitting or accelerometer defined sedentary time have 
observed positive associations with all-cause mortality. Those who examined 
mortality from cardiovascular disease also consistently observed increased risk 
with higher daily sitting time, although no associations have been observed 
between sitting and cancer mortality. These studies also all took steps to 
eliminate the potentially confounding effects of occult disease by repeating their 
analyses and excluding deaths which occurred in the first few years of follow up 
(range of 1153 to 470 years). With the exception of the analyses by Weller and 
Corey all of the studies featured in this section of the review have adjusted their 
analyses for a wide range of relevant confounding factors including 
demographic (age, gender, socioeconomic position) and health related 
(BMI/waist circumference) covariates. These studies have also adjusted for 
health related behaviours including smoking status, alcohol consumption and 
time spent in MVPA. This is important as it suggests that the deleterious effects 
of high levels of sedentary behaviour on mortality risk are independent of 
MVPA.  
 
3.4. Sedentary behaviour and cardiovascular disease 
The following section of this review will examine evidence regarding the 
associations between sitting time and cardiovascular disease. As evidence for 
the relationship between sitting and cardiovascular disease mortality has been 
addressed above, the following section will focus on non-fatal cardiovascular 
disease/events or diagnosed associated conditions such as hypertension and 
atherosclerosis.  There is a wealth of cross-sectional literature examining the 
association between sitting time and various biological risk markers for CVD. 
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Although these risk factors may contribute to CVD risk, these will be addressed 
in the subsequent section. 
A summary of all studies examining sedentary behaviour and cardiovascular 
disease outcomes included in this review can be found in appendix 1.2. 
 
3.4.2. Cross-sectional evidence 
Six cross-sectional studies have examined associations between 
sedentary time and range of diagnosed conditions associated with 
cardiovascular disease.29 156-160 Of these, five have employed self-report 
measures of either sitting time or TV viewing29 156 157 160 161 and two have used 
accelerometers to define sedentary time as time spent below 100 
accelerometer counts per minute.158 159 Findings have been mixed. George et 
al29 examined self-reported sitting time in a sample of over 63000 Australian 
men and observed no association with self-reported heart disease.  Allinson et 
al156 examined chronic adiposity associated inflammation in a diverse sample of 
1543 participants in the Multi-Ethnic Study of Atherosclerosis. Time spent in a 
range of sitting activities such as reading, sitting, watching television and both 
recreational and non-recreational computer use was reported for a typical week. 
The authors  observed a significant increase in adiposity related inflammation 
across tertiles of increasing total sitting behaviour which persisted following 
adjustment for age, gender, ethnicity, alcohol consumption, hypertension, 
diabetes, dyslipidaemia and waist circumference (Ptrend <0.05). Studies have 
also observed positive cross-sectional associations between self-reported 
sitting time with acute coronary syndrome161 (including Q-wave and non Q-wave 
myocardial infarction and unstable angina pectoris) and both self-reported157 
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and clinically diagnosed (as having a systolic blood pressure of at least 140 
mm/Hg and a diastolic blood pressure of at least 90 mm/Hg) hypertension.  
 
Two studies have also observed null associations between sedentary 
time and cardiovascular disease outcomes. Hamer et al159 examined the 
association between accelerometer defined sedentary time (time spent at <100 
counts per minute) and pericardial fat volume in 446 healthy participants from 
the Whitehall II study (mean age 66 ± 6 years). Pericardial fat was positively 
associated with sedentary time after initial adjustment for covariates but 
importantly was attenuated following further adjustment for MVPA suggesting 
the association is not independent of physical activity. In a separate study using 
a similar sample (443 Whitehall II participants), Hamer et al 158 observed no 
association between accelerometer defined sedentary time and coronary artery 
calcification. It is possible that these differential findings may be due to the 
choice of exposure measure (self-reported sitting versus accelerometer defined 
sedentary time). Two studies have directly compared associations of self-
reported sitting and accelerometer defined sedentary time with cardiovascular 
disease risk markers and found associations to be markedly different.162 163 
Nevertheless it is also important to acknowledge that these studies examined 
different cardiovascular disease outcomes and it is entirely plausible that they 
may simply have differential relationships with sedentary behaviour. 
 
It is necessary to acknowledge the possibility that diagnosed CVD may 
be a cause of increased sedentary behaviour rather than a consequence. 
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Cross-sectional studies by design cannot establish causal direction so 
examination of prospective evidence is required. 
 
3.4.3. Prospective evidence 
As described above, there are to date six published prospective studies 
which have examined the associations between indicators of sitting time and 
incident cardiovascular disease.65 67 164-167  
 
3.4.3.2. Total sitting and cardiovascular disease risk 
Three previous studies have examined associations between incident 
cardiovascular disease and total self-reported sitting time and findings have 
been equivocal. Manson et al166  examined data from approximately74000 
women enrolled in the US Women’s Health Initiative Observational Study (WHI 
-OS) and observed an odds ratio for cardiovascular events (including 
myocardial infarction, heart failure, or stroke), of 1.38 (95%CI 1.07, 2.64) for 
women who reported sitting for longer than 16 hrs per day than those who sat 
for less than four hrs per day over a mean follow up time 3.2 yrs. No other 
durations of sitting were associated with a change in cardiovascular disease 
risk. Moreover these associations were adjusted for age and leisure time energy 
expenditure only. By not accounting for other factors associated with both sitting 
and cardiovascular risk, the possibility remains that the observed association 
may simply be due to confounding.  A decade on from the study by Manson et 
al, Chomistek et al167 extended these findings by examining associations 
between self-reported total daily sitting time using updated data from the WHI-
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OS. They observed that over a median follow-up of 12.2 yrs the hazard ratio for 
any cardiovascular event was 1.18 (95%CI 1.09, 1.29) for women who reported 
sitting for more than 10 hrs per day compared to those who sat less than 5hrs 
per day. Similarly, compared to the reference group, the hazard ratios were 
1.18 (95%CI 1.05, 1.32) for incident coronary heart disease and 1.21 (95%CI 
1.07, 1.37) for stroke for those who reported sitting for more than 10 hrs per 
day. Sitting for between 5.1 and 9.9 hrs per day was not associated with an 
increase in cardiovascular disease risk. These analyses were adjusted for a 
broad range of covariates including age, race, education, income, marital 
status, smoking, family history of MI, depression, alcohol intake, hypertension, 
high cholesterol, a range of dietary factors, and leisure time physical activity.  
 
These findings are inconsistent with those of Herber-Gast et al165 who 
examined sitting and incident CVD in nearly 7000 women in the Australian 
Longitudinal Study on Women’s Health. They observed no association between 
self-reported daily sitting time with incident cardiovascular disease over 10 
years of follow up following adjustment for covariates (age, education, smoking 
status, alcohol consumption, leisure time physical activity and BMI). It is 
possible that these differential findings are due to differences in exposure to 
sitting, as the mean sitting time was far lower in the study by Herber-Gast et al 
compared to that in both Manson et al and Chomistek et al. However Wijndaele 
et al65 observed dose-response associations between sitting time and incident 
CVD at one hour intervals starting at very low volumes of sitting time so a low 
sample mean sitting time should not necessarily prevent the detection of an 
association. The sample sizes in Manson et al and Chomistek et al were also 
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far bigger and therefore the number of reported cardiovascular events was far 
higher. However, with the available sample Herber-Gast et al still had enough 
statistical power to detect an effect size of 1.17 which is smaller than those 
observed in the WHI-OS studies.166 167 
 
3.4.3.3. TV viewing and cardiovascular disease risk. 
Three of six prospective studies examining associations between sitting 
and CVD have focussed on TV viewing or screen-based entertainment only and 
have all demonstrated positive associations with risk for cardiovascular events 
which are independent of MVPA.65 67 164 Wijndaele and co-workers65  examined 
the association between self-reported television viewing time and incident 
cardiovascular disease in 12600 participants (aged 49-75 at baseline) in the 
EPIC-Norfolk study between 1998 and 2007 (mean follow up 6.9 ±1.9 yrs). 
Television viewing time was positively associated with incident total CVD, non-
fatal CVD and coronary heart disease independent of age, gender, education, 
smoking, alcohol, hypertension, dyslipidaemia, antidepressant medication, 
baseline diabetes status, family history of CVD, sleep duration, and total 
physical activity energy expenditure. There was an increase in risk associated 
with each hour increase in TV viewing time for total CVD (HR1.06 95%CI 1.03-
1.08; 2620 cases), non-fatal CVD (1.06 95%CI 1.03-1.09; 2134 cases) and 
coronary heart disease (HR 1.08 95CI 1.03-1.13; 940 cases). The relative risk 
did not appreciably change when individuals who experienced a CVD event in 
the first year of follow up (n=237) were excluded. Additional analysis also 
demonstrated similar positive associations between TV viewing and incident 
cardiac failure (results not reported). 
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Stamatakis et al 67  also observed a hazard ratio for CVD events (defined 
as CVD related hospital episode including myocardial infarction, coronary artery 
bypass, angioplasty, stroke, heart failure) of 2.30 (95%CI: 1.33 to 3.96) for 
people engaging in greater than 4hrs of screen time per day (including 
television, computer and video game use) compared to those who engaged in 
less than 2hrs following adjustment for covariates (age, sex, ethnicity, social 
class, longstanding illness, marital status, diabetes, hypertension, and leisure 
time physical activity). 
 
3.5. Sedentary behaviour and metabolic disease 
The following section of this review will examine evidence regarding the 
associations between sitting time and metabolic disease, focussing primarily on 
type II diabetes and metabolic syndrome. These conditions are closely linked in 
terms of their pathology and have separately received a significant amount of 
research attention in the sitting literature in recent years.  Since its recognition 
by the World Health Organisation (WHO) and later in the United States National 
Cholesterol Education Program (NCEP) as an operational clinical entity 
associated with cardiovascular risk168 169 research into the metabolic syndrome 
has increased markedly. The term refers to the co-occurance of metabolic 
abnormalities which are associated with increased risk for type II diabetes and 
cardiovascular disease.170  
 
The Metabolic syndrome has been defined in terms of the presence of a 
number of clinical parameters with some groups placing different importance on 
different facets of the pathology. Its diagnosis and therefore its overall 
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prevalence will vary depending on which definition or criteria are used.  The 
1999 WHO definition requires the presence of insulin resistance (impaired 
fasting glucose, impaired glucose tolerance or type 2 diabetes) along with 
another two of five criteria relating to obesity (BMI>30, or waist/hip ratio of 
>90cm for men or >85cm for women), dyslipidemia (triglycerides >150mg/dl or 
HDL-C <35mg/dl for men or <39mg/dl in women), hypertension (>140/90mmHg) 
and microalbuminuria. The National Cholesterol Education Program Adult 
Treatment Panel (NCEP ATP III) definition has no compulsory criteria and relies 
on the presence of three from five criteria concerning waist circumference, 
fasting glucose, dyslipidemia (triglycerides as in WHO, or HDL-C <40mg/dl in 
men or <50mg/dl in women) and hypertension (>130mHg systolic or >85mmHg 
diastolic). The International Diabetes Federation (IDF) definition requires the 
presence of central obesity (waist circumference >94cm for men or >80cm for 
women) plus two of four criteria regarding fasting glucose (>100mg/dl) 
dyslipidemia, and hypertension (both as described in NCEP ATP III definition). 
Abnormal glucose tolerance, insulin resistance and compensatory 
hyperinsulinaemia appear to be the common threads that predispose the 
development of these clinical conditions clustered in the same individual. For 
this reason, studies examining associations between sitting time and insulin 
resistance (as defined by Matsuda Insulin Sensitivity Index,171 Homeostatic 
Model Assessment of Beta-cell function [HOMA-%B] and insulin sensitivity 
[HOMA-%S] have also been included in this section of the review. 
A summary of all studies included in this section of the review can be found in 
appendix 1.3. 
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3.5.2. Cross-sectional evidence 
A total of 27 cross-sectional studies met the criteria for this review. Four 
of these studies examined associations between a measure of sedentary time 
and diagnosed diabetes prevalence,29 128 157 172 nine examined associations with 
abnormal glucose tolerance or insulin resistance35 54 98 109 110 173-176 and 14129 177-
189 focussed on metabolic syndrome.  In a sample of over 63000 Australian 
males aged 45-64, George et al29 observed that after adjusting for, age, 
household income, educational attainment, smoking status, BMI, functional 
limitation, and MVPA, self-reported total sitting time was  positively associated 
with diabetes risk. Compared to a reference group who sat for less than 4 hrs 
per day odds ratios for diabetes were 1.03 (95%CI 0.92, 1.14) for 4 to <6hrs, 
1.15 (95%CI 1.03, 1.28) for 6 to <8hrs and 1.21 95%CI 1.09, 1.33) for >8hrs per 
day. Similarly, Tonstad et al172 reported that compared to a reference group 
who watched <1 hr of television per day fully adjusted odds ratios for type II 
diabetes for 1-2hrs and >3 hrs per day were 1.31 (95%CI 1.16, 1.47) and 1.62 
(95%CI 1.44, 1.83) respectively. These findings are consistent with those from 
Stamatakis et al128 who, in an analysis of data from 2765 respondents from the 
Health Survey for England (aged ≥60yrs), examined associations between 
multiple self-reported indicators of sedentary time (TV viewing time, non-TV 
leisure time sitting, and total leisure time sitting) and accelerometer defined 
sedentary time (defined as time below 100 accelerometer counts per minute) 
with prevalent diabetes.  Significant positive associations were observed with all 
self-report indicators of sedentary time following adjustment for covariates 
including MVPA, although no association was observed with accelerometer 
defined sedentary time.  
 
 
89 
 
De Heer et al157 observed significant associations between self-reported 
total sitting time and prevalent diabetes which persisted following adjustment for 
demographics, employment status, family disease history and light, moderate 
and vigorous intensity physical activity but which were attenuated to null 
following adjustment for BMI. In the study by Tonstad et al associations 
between TV viewing and diabetes were significantly attenuated following 
adjustment for BMI, although they remained significant. The studies by George 
et al and Stamatakis et al also observed that associations were substantially 
attenuated following additional adjustment for BMI These findings suggest that 
adiposity might be an important factor in the association between sitting and 
health.  
 
  Eight studies examined cross-sectional associations between sedentary 
time and abnormal glucose tolerance or insulin resistance which is an important 
clinical precursor for diabetes and a central criterion for diagnosis of the 
metabolic sydrome. Dunstan and co-workers173 examined impaired fasting 
glucose (IFG), impaired glucose tolerance (IGT) and undiagnosed type 2 
diabetes in relation to self-reported TV viewing time in a sample of over 8000 
adult (25 yrs and older) participants in the Australian Diabetes and Lifestyle 
(AusDiab) study. Following adjustment for age, education, family history, 
smoking, dietary covariates, and leisure time physical activity, greater daily TV 
viewing was positively associated with increased risk of abnormal glucose 
metabolism in women, but not men. Separate regression models demonstrated 
that each 1hour increment of TV viewing was associated with an 18% (95% CI 
9-29%; p=0.001) increase in risk of abnormal glucose metabolism in women 
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while the effect in men was not statistically significant. Men and women who 
watched less than 14hrs of TV per week were also significantly less likely to 
have undiagnosed type 2 diabetes than those who watched more than 14hrs 
per week (OR 2.4 [95%CI 1.41-4.12] in men and 2.2 [95%CI 1.32-3.61] in 
women).  The findings by Dunstan et al are consistent with 7 other studies 35 54 
109 110 174-176 who have observed associations between sitting behaviour or 
sedentary time and abnormal glucose metabolism. 
 
These same authors also observed similar cross-sectional associations 
between TV viewing time and metabolic syndrome (according to the 1999 World 
Health Organisation definition) in just over 6000 participants in the AusDiab 
study. 181 After adjusting for lifestyle factors including dietary intake and physical 
activity level, each one hr increase in TV viewing time was associated with a 
26% (95%CI 14-46% P=0.0001) increase in metabolic syndrome prevalence in 
women. A positive but non-significant association was observed in men (12% 
95%CI -0.01-27% P=0.07). As discussed above there are a number of different 
definitions of the metabolic syndrome which vary in the clinical parameters 
employed. Interestingly in this instance Dunstan and colleagues repeated their 
analysis using the NCEP ATP III and the IDF definitions and although not 
explicitly reported, the associations between TV viewing time and metabolic 
syndrome incidence were similar. The fact that metabolic syndrome  was 
significantly associated with TV viewing time regardless of which criteria were 
used for diagnosis suggests that prolonged TV viewing may be detrimentally 
associated with on a broad range of metabolic risk factors. In a community 
based cross-sectional study of 2353 Taiwanese participants, Chang et al179  
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also observed that compared to those who watched less than 14 hrs of TV per 
week, men who watched more than 20hrs per week had a 1.5 fold (95% CI 
1.10, 2.03) increase in risk, and women a 1.93 fold increase in risk of metabolic 
syndrome according to the NCEP ATP III definition. Overall, of the 14 studies 
examining metabolic syndrome identified by the systematic review,129 177-189 only 
two186 187 report a positive association with a measure of sitting or sedentary 
time.  Metabolic disease is consistently associated with sedentary time in cross-
sectional studies although examination of prospective evidence is necessary to 
determine the direction of the association 
 
3.5.3. Prospective evidence 
Of the eleven prospective studies identified by the systematic review 
three examined associations between objectively defined sedentary time and 
abnormal glucose tolerance98 99 175 while eight examined associations between 
self-reported TV viewing and diabetes risk56 65 67 70 164 190-192 including one study 
which examined multiple discrete self-reported sitting behaviours including TV 
viewing.191 
 
3.5.3.2 Total sedentary time and metabolic risk 
Of the eleven prospective studies identified by the systematic review 
three have examined prospective associations between sedentary behaviour 
and abnormal glucose tolerance or insulin resistance and findings are mixed. 
Helmerhorst et al99 used data from the Isle of Ely study to examine the 
prospective association between objectively assessed sedentary time and 
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insulin resistance. The Isle of Ely study followed 393 healthy middle aged 
people for just over five and a half years. Using the method described 
previously (chapter 2) resting heart rate and heart rate response to graded 
exercise were assessed for each individual and then flex heart rate (heart rate 
threshold, calculated as the mean of the highest heart rate recorded during rest 
and the lowest recoded during exercise), was determined. For a four day period 
after both baseline and follow-up measurements participants wore heart rate 
monitors during all waking hours. When a participant’s heart rate was below 
their flex heart rate threshold they were deemed to be engaged in sedentary 
behaviour and total sedentary time was expressed as a percentage of total daily 
monitoring time. After adjustment for age, sex, fat mass, fasting insulin, smoking 
status, and follow-up time, percentage sedentary time at baseline was 
significantly and positively associated with log fasting insulin at follow-up (β= 
0.003, 95%CI 0.0006–0.006, P=0.015) . Following adjustment for time spent in 
moderate to vigorous physical activity this association was strengthened (β= 
0.004, 95%CI 0.0009–0.006, P =0.009). Cooper et al175 also observed as small 
positive association between accelerometer defined sedentary time and insulin 
resistance in 528 adults (aged 30-80 yrs) over a six month follow-up period. 
However a study by Ekelund et al117 observed no associations between 
objectively assessed sedentary time and insulin resistance. Ekelund et al 
followed 191 participants for one year as part of the ProActive UK trial. Physical 
activity and sedentary time data was recorded using seven days of 
accelerometer measurement at baseline. Sedentary time was defined as time 
spent below 100 accelerometer counts per minute.  Moderate to vigorous 
physical activity but not sedentary time was associated with insulin sensitivity at 
follow-up.  
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3.5.3.3. TV viewing and diabetes risk 
There are eight prospective studies which have examined the 
associations between sitting behaviours and risk of type II diabetes,56 65 67 70 164 
190-192 and nearly all have focussed exclusively on TV viewing or screen based 
entertainment.56 65 67 164 190 192 Two of the largest of these studies originated in 
the US. Krishnan et al192 used ten years of data on 45688 participants of the 
Black Women’s Health Study (BWHS) to examine associations between self-
reported TV viewing and risk of developing type II diabetes. Nearly 3000 new 
cases of diabetes were recorded during follow up and relative risk was 
positively associated with TV viewing. Compared to the reference group (<1hr 
of TV per day), hazard ratios for type II diabetes were 1.43 (95%CI 1.19, 1.71) 
for 1-2 hrs per day, 1.53 (95%CI 1.28, 1.83) for 3-4 hrs per day, and 1.86 (95% 
CI 1.54, 2.24) for more than 5hrs per day. 
 
In a study of nearly 38000 male participants in the Health Professionals 
Follow Up study, Hu et al190  examined the effects of both physical activity and 
TV viewing time on risk for incident type II diabetes. Over ten years of follow up 
between 1986 and 1996, 1158 new cases of type II diabetes were recorded. 
Relative risk for type II diabetes across five TV viewing categories (1.00, 1.49 
95%CI 1.03-2.15, 1.39 95%CI 0.95-2.05, 1.77 95%CI 1.18-2.64, and 2.23 
95%CI 1.13-4.39 demonstrated a significant positive trend (Ptrend=0.02) 
following adjustment for individual covariates including family history of 
diabetes, and behavioural factors such as physical activity level, smoking, 
dietary habits, alcohol intake and BMI the relationship persisted.   
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Using data from the German base of the European Prospective 
Investigation into Cancer and Nutrition (EPIC-Potsdam, Germany), Ford et al 56 
examined associations between TV viewing and incident diabetes in 23855 men 
and women over 7.8 years of follow-up. Following adjustment for a range of 
relevant confounding factors (age, sex, educational status, occupational activity, 
smoking, alcohol use, dietary variables and systolic blood pressure, and leisure 
time physical activity) hazard ratios for type II diabetes were 1.13 (95%CI 0.84, 
1.52) for 1 to <2 hrs of TV per day, 1.23 (95%CI 0.92, 1.64) for 2 to <3hrs per 
day, 1.65 (95%CI 1.22, 2.23) hrs of TV per day, and 1.63 (95%CI 1.17, 2.27) for 
more than four hours per day (Ptrend <0.001) compared to the reference group 
(<1hr TV per day).  
 
3.4.3.4. Multiple discrete sitting behaviours and diabetes risk 
As discussed above, sitting in different domains may have different 
patterns which may influence their associations with health outcomes. However, 
only one study has examined the association between, multiple sitting 
behaviours and diabetes risk in the same cohort. As part of the Nurse’s Health 
study nearly 70000 women were followed over six years and the effect on type 
2 diabetes risk of a range of sitting behaviours including TV viewing, sitting at 
work or while away from home or while driving, and other domestic sitting were 
examined. 191 The exposure variables were arranged into five categories; 0-1 
hrs/wk, 2-10 hrs/wk, 11-20 hrs/wk 21-40 hrs/wk and >40hrs.wk. Over the six 
year follow up period just over 1500 participants were newly diagnosed with 
type II diabetes and all sitting time variables were significantly associated with 
an increased risk. The fully adjusted relative risk across five sedentary 
behaviour categories were; 1.00, 1.09 (95%CI 0.85-1.39), 1.30 (95%CI 1.03-
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1.63), 1.44 (95%CI 1.12-1.85), and 1.70 (95% CI 1.20-2.43 Ptrend <0.001) for TV 
viewing; 1.00, 0.99 (95%CI 0.81-1.20), 1.10 (95%CI 0.91-1.33), 1.12 (95%CI 
0.89-1.41), and 1.48 (95% CI 1.10-2.01 Ptrend =0.005) for sitting at work; and 
1.00, 0.87 (95%CI 0.67-1.13), 0.98 (95%CI 0.76-1.26), 0.94 (95%CI 0.70-1.24), 
and 1.54 (95% CI 1.10-2.18 Ptrend  =0.004 for other sitting at home).   
 
The current evidence base demonstrates consistent associations 
between sitting time and risk for type II diabetes and metabolic disease. These 
studies have been conducted on large samples and over significant follow-up 
periods and have been well controlled for a range of relevant confounding 
factors. However, only three prospective studies adjusted their analysis for a 
measure of obesity or adiposity.56 190 192 In these studies the associations 
between sitting and diabetes risk were attenuated and following additional 
adjustment for BMI and one was attenuated to null.56  This may suggest that the 
development of diabetes in those who sit a lot may be due at least in part to the 
development of obesity.  
 
3.6. Sedentary behaviour and obesity 
The following section of this review will examine evidence regarding the 
associations between sitting time and obesity. Within the current sitting 
literature studies have examined associations between sedentary time and 
adiposity using a range of different outcomes. The following systematic review 
contains studies examining the relationship between sitting or sedentary time 
and obesity (defined as having a BMI of ≥30), body composition, waist 
circumference, body weight and weight gain. A summary of all studies included 
in this section of the review can be found in appendix 1.4. 
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3.6.2. Cross-sectional evidence 
The review identified 83 studies examining associations between sitting 
or sedentary time and markers of obesity or adiposity, 65 of which are cross-
sectional. Of these 65 studies, 33 examined associations with TV viewing, 35 160 
178 179 181 183 193-218 five used objective measures determine sedentary time 
including accelerometers54 109 219 220 and heart rate monitors83 and the remaining 
27 used self-report measures for total sitting or sitting behaviours other than TV 
viewing.64 69 81 128 157 176 200 221-240 
 
Heinonen et al241 observed that in a study of just over 2000 men and 
women, TV viewing was consistently related to both BMI and waist 
circumference. Each additional hour of TV was associated with a 1.81 ± 0.44cm 
increase in waist circumference in women and a 2.00 ± 0.44cm increase in 
men. These associations remained highly significant following adjustments for a 
range of relevant covariates. Within this sample intake of several potentially 
obesogenic food items including sausage, beer and soft drinks was directly 
associated with TV viewing. Importantly when intake of these food items was 
added as a covariate to the multivariate models for TV viewing and obesity 
markers the observed associations persisted.   
 
In a cross-sectional analysis of 466605 healthy Chinese adults (aged 30-
79 yrs), Du et al223 examined associations between self-reported hrs per day of 
leisure time sitting and both BMI and waist circumference. Each1.5 hr/day 
interval of leisure time sitting was associated with a 0.19 kg/m2 (95%CI 0.18, 
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0.20) increase in BMI, a 0.57cm (95%CI 0.54, 0.59) increase in waist 
circumference and 0.44 (95%CI 0.42, 0.46) percentage points more body fat. 
These associations remained significant when analyses were stratified by 
volume of daily physical activity. In another large cross-sectional study, Banks 
et al193 used data from nearly 75000 Thai students (aged 20-50 yrs) attending 
Sukhothai Thammathirat Open University  in 2005-06 to examine the 
associations between both daily screen-time (leisure time computer use and TV 
viewing) and total daily sitting with obesity risk (using the Asian criteria of a BMI 
≥25kg/m2). Following adjustment for age, sex, income and educational 
attainment, daily housework and gardening and daily exercise-related physical 
activity there were significant increases in obesity risk across categories of daily 
screen time in both men and women. Compared to those with <1hr per day of 
screen time odds ratios (95% CI) for obesity were: 1.22 (1.14, 1.30), 1.38 (1.27, 
1.50), 1.58 (1.36, 1.83) and 1.80 (1.53, 2.13) for men and: 1.15 (1.05, 1.27), 
1.50 (1.35, 1.67), 1.62 (1.36, 1.92) and 2.13 (1.78, 2.55) for women for  2-3, 4-
5, 6-7, and ≥8hrs per day respectively. Additional adjustment for consumption of 
fried foods, soft drinks and junk food, smoking, and alcohol consumption did not 
significantly affect these odds ratios.  Following adjustment for covariates total 
daily sitting time was associated with obesity in women (Ptrend <0.001) but not in 
men.   
 
3.6.3. Prospective evidence 
There are currently 18 studies which have included analyses of the 
prospective associations between sitting and obesity/adiposity and findings 
have been mixed.  Six of these studies focus exclusively on associations with 
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TV viewing,66 197 217 242-245 one used heart rate monitoring to define sedentary 
time83  and the remaining 11 used self-report measures for individual or multiple 
measures of sitting.191 213 227 231 236 246-251 Two studies also examined he 
possibility of reverse causality in the association between sedentary time and 
obesity.83 250 
 
3.6.3.2. TV viewing and Obesity risk 
Using data from the 1958 birth cohort study Parsons et al 66  examined 
whether frequency of TV viewing during early adulthood influenced waist 
circumference and BMI in mid adult life (aged 45). At age 23 TV viewing 
frequency was reported in the following categories: ≥5, 3-4, 1-2 times per week, 
2-3 times in the last 4 weeks, once in the last 4 weeks or not at all in the last 4 
weeks. TV viewing was significantly associated with waist-hip ratio at 45 years. 
After adjustment for potential confounders both male (n=3911) and female 
(n=4076) participants watching ≥5times per week had an estimated mean waist-
hip ratio 0.01 and 0.09 higher than those watching less often (P<0.0001). This 
association persisted, although was attenuated, after further adjustment for BMI 
and TV viewing at age 45. A subsequent study of data from this cohort,227 
examined associations of TV viewing time and work sitting time(in hrs per day) 
with BMI in a sample of 6562 over a five year follow-up period from age 45 to 50 
yrs.  There was a significant increase in BMI at age 50 across categories (0, 0-
1, 1-2, 2-3, 3-4, >4 hrs per day) of TV viewing at age 45.  For each category 
increase in TV viewing, five year gain in BMI was greater by 0.11 (0.06, 0.17) 
kg/m2. There was no evident prospective association between work sitting at 45 
yrs and either BMI at 50 yrs of change in BMI between 45 and 50.  
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  3.6.3.3. Multiple discrete sitting behaviours and obesity risk 
Hu and co-workers 191 examined sitting behaviours and incident obesity 
in over 50000 30-55yr old women with an average of six years of follow up as 
part of the US Nurses Health Study. The study examined television viewing, 
sitting time while at work or commuting, and sitting at home while not watching 
television (including working at a desk, reading and sitting during meal times). In 
multivariate analysis television viewing was significantly and positively 
associated with obesity risk across five categories of viewing time. Relative risk 
(RR) of obesity for each TV viewing category were; 1 for 0-1hrs.wk; 1.22 95%CI 
1.06-1.42 for 2-5hrs.wk; 1.42 95%CI 1.24-1.63 for 6-20hrs.wk; 1.65 95%CI 
1.41-1.93 for 21-40hrs.wk; and 1.94 95%CI 1.51-2.49hrs.wk   (Ptrend < 0.001). 
There was also a significant increase in obesity risk across categories of 
occupational sitting (RR=1 for 0-1hrs.wk; 1.02 95%CI 0.89-1.18 for 2-5hrs.wk; 
1.13 95%CI 0.98-1.29 for 6-20hrs.wk; 1.13 95%CI 0.96-1.31 for 21-40hrs.wk; 
and 1.25 95% CI 1.02-1.54hrs.wk; Ptrend = 0.02). These associations are 
adjusted for age, smoking, hormone use, alcohol consumption, leisure time 
physical activity and a range of dietary factors including, total fat and total 
calorie intake. Leisure time sitting excluding TV viewing showed no significant 
association with incident obesity.  
 
3.6.3.4. Examination of reverse causality in the association between 
sitting and obesity 
Ekelund et al 83  examined the relationship between objectively assessed 
sedentary time and obesity using data from The Isle of Ely study which followed 
393 healthy middle aged people for just over five and a half years. Participants 
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visited a laboratory at baseline and at follow up where BMI, waist circumference 
and fat mass were established. Flex heart rate was used to determine 
sedentary time (method described previously [chapter 2]). Although cross-
sectional analyses at baseline and follow-up showed sedentary time to be 
significantly correlated with markers of obesity, baseline sedentary time was not 
predictive of any of these measures at follow up. When BMI, fat mass, and 
waist circumference were modeled as predictor variables for percentage 
sedentary time at follow up, significant and independent associations were 
observed, suggesting that high BMI, body fat and central adiposity may lead to 
increased sedentary time. Beta coefficients were 0.33 (95%CI 0.15, 0.50) for 
body weight (Kg), 1.10 (95%CI 0.58, 1.63) for BMI (Kg/m2), 0.59 (95%CI 0.11, 
0.40) for fat mass (kg) and 0.44 (95%CI 0.23, 0.66) for WC (cm). Changes in 
body weight, BMI and fat mass were also significantly and independently 
associated with changes in sedentary time between baseline and follow up. 
Further evidence for reverse causality was found by Mortensen et al.250   They 
reported BMI to significantly predict sitting but found no association in the other 
direction. It is plausible that while high volumes of sitting may contribute to 
adiposity, being overweight or obese may influence choice of leisure time 
activity or even occupation. The idea of reverse or bidirectional causality 
between sedentary behaviour and obesity has seldom been investigated in 
prospective cohort studies and certainly requires further attention as this may 
be an important contributory factor in the observed relationships between 
sedentary behaviour and other health outcomes. The idea that BMI may 
contribute to both increased sitting time and disease risk is supported by 
evidence demonstrating the attenuation of associations between sedentary time 
and metabolic disease 56 190 192 following adjustment for body mass index.  
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3.7. Sedentary time and biomarkers of cardiometabolic risk 
There are a number of studies which have examined the relationship 
between sedentary behaviour and a range of biological risk factors associated 
with cardiovascular and metabolic disease. Because changes in these 
biological parameters do not in themselves necessarily represent clinical 
endpoints or specific diagnosed conditions, and because of the heterogeneity of 
the ranges of risk markers measured in these studies, they have not been 
included in the main systematic review. Instead they will be discussed in the 
following section.  
 
Healy et al54 used accelerometer data from 4757 adult participants from 
the 2003/04 and 2005/06 US National Health and Nutrition Examination Survey 
(NHANES)  to examine associations between daily sedentary time (defined as 
time spent below 100 accelerometer counts per minute) with cardiometabolic 
risk markers. Independent of covariates (including MVPA) there were 
detrimental associations between daily sedentary time and waist circumference, 
HDL-cholesterol, C-reactive protein, plasma triglycerides, fasting insulin, beta 
cell function and insulin sensitivity. These findings are consistent with those of 
Thorp et al200 who used data from the AusDiab study to examine cross-
sectional associations between self-reported daily sitting time and TV viewing 
with a range of metabolic risk markers including waist circumference, BMI, 
resting blood pressure, fasting serum triglycerides, fasting HDL cholesterol, 
fasting serum insulin and 2-hr post load plasma glucose (plasma glucose 
measured over two hours following a standardised oral glucose tolerance test). 
Following adjustment for covariates (age, educational attainment, family history 
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of diabetes, employment status, cigarette smoking, daily energy intake, alcohol 
intake, diet quality and total leisure time physical activity), all metabolic markers 
were detrimentally associated with daily sitting time (P <0.05 for all) with the 
exception of diastolic blood pressure in men and fasting plasma glucose in 
women. TV viewing was detrimentally associated with all markers except HDL 
cholesterol in women and blood pressure in men (P <0.05 for all). These 
associations were attenuated following additional adjustment for waist although 
most remained significant.  
 
Similar findings were observed in a subsequent prospective study by 
Stamatakis et al197 which used data from 1958 British Birth Cohort Study. 
Frequency of TV viewing (≥5, 3-4, and ≤2 times per week) at age 23 was 
positively associated with C-reactive protein, fibrinogen, waist circumference, 
systolic and diastolic blood pressure and clustered cardiometabolic risk (P 
<0.05 for all) at age 44 following adjustment for covariates (including MVPA and 
television viewing at age 44). However following additional adjustment for 
baseline BMI these associations were attenuated to null. Similar to findings from 
previous studies examining clinical health outcomes these findings suggest that 
the detrimental associations between sitting time and metabolic risk may be 
attributable in part to differences in adiposity. Stamatakis and Hamer252 directly 
tested the extent to which adiposity markers explain the association between 
sitting behavior and cardiometabolic risk factors in a subsequent cross-sectional 
analysis. Subjects were 5067 Health Survey for England (2008) respondents 
aged between 16 and 65. Following adjustment for covariates (age, sex, social 
class, employment status, alcohol consumption, fruit and vegetable 
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consumption, frequency of unhealthy food consumption, psychological stress, 
antihypertensive medication and MVPA), self-reported daily sitting time was 
associated with systolic blood pressure (mean difference per 10 min per day 
greater: 0.025 mm Hg, 95% CI: 0.002 to 0.047), diastolic blood pressure (0.023 
mm Hg, 0.007 to 0.040), total cholesterol (0.004 mmol/l, 0.002 to 0.005) and 
HDL-C (-0.0006 mmol/l, - 0.00119 to −0.0001). TV time was associated with 
SBP (0.075 mm Hg, 0.036, 0.113), DBP (0.052 mm Hg, 0.024, 0.081), total 
cholesterol (0.005 mmol/l, 0.002 to 0.008), and HDL-C (-0.0013mmol/l, -0.0023 
to -0.0002). It was observed that body mass index explained 95.9% of the 
association between total sitting and systolic blood pressure, 91.4% with HDL-
cholesterol, 64.7% with diastolic blood pressure and 33% with total cholesterol. 
Waist circumference explained a slightly lower, proportion of the association 
between total sitting time and risk markers (90% for systolic blood pressure, 
85% for HDL-cholesterol, 60% for diastolic blood pressure and 38% for total 
cholesterol). A smaller but still considerable proportion of the associations 
between TV viewing and these risk markers was explained by BMI (range 28.6-
60.3%) and waist circumference (27.3-60.7%). 
 
The evidence regarding the associations of sitting or sedentary time with 
individual metabolic markers is important as it provides insight into the possible 
mechanisms underpinning the observed associations with clinical outcomes 
such as cardiovascular and metabolic disease. The observation that adiposity 
appears to be an important factor in these associations is also important as it 
again highlights the complex nature of the association with sedentary time, 
adiposity and disease. 
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3.8. ‘Sedentary Breaks’: Interrupting sedentary time 
Another important feature of the reported associations between 
sedentary time and metabolic markers is the idea that interrupting extended 
periods of sedentary time might attenuate a proportion of the associated 
negative metabolic effects. Healy and co-workers109 collected accelerometer 
data (Actigraph WAM 7164) from 168 participants from the AusDiab cohort and 
examined cross-sectional associations between sedentary time (defined as time 
spent below 100 accelerometer counts per minute) and a range of metabolic 
outcomes including waist circumference, BMI, plasma triglycerides, HDL-
cholesterol, systolic blood pressure, diastolic blood pressure, fasting plasma 
glucose, and 2 hr post challenge plasma glucose (2hrs post glucose tolerance 
test). The authors hypothesised that breaking up or interrupting sustained 
periods of sedentary time would have a beneficial effect on these risk markers. 
A ‘break’ or interruption in sedentary time was defined as one minute or more at 
above 100 accelerometer counts per minute. It was observed that following 
adjustment for covariates a greater the number of breaks in a given period of 
sedentary time was associated with significantly lower waist circumference, 
BMI, triglycerides and 2 hr post challenge plasma glucose (P <0.03 for all). 
These effects were independent of a broad range of demographic and health 
related covariates (age, gender, employment status, alcohol intake, income, 
education, smoking status, family history of diabetes, diet quality and MVPA) 
but also independent of the total amount of sedentary time, and the average 
activity intensity during the breaks. The average accelerometer count value 
during a sedentary break was 514 counts per minute which the authors 
classified as being light intensity activity using previously validated 
accelerometer count cut-points for Actigraph accelerometers111 (moderate to 
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vigorous physical activity was classified as being above 1952 counts per 
minute, meaning light intensity physical activity was defined as 100-1952 counts 
per minute). The average duration of these sedentary breaks was less than five 
minutes.  
 
In a separate study using accelerometer data from nearly 5000 
participants from the NHANES study Healy et al54 observed that independent of 
confounders (including demographic and health related factors, MVPA and 
sedentary time) that the number of sedentary breaks (again defined as 1 minute 
or more at more than 100 accelerometer counts per minute) was beneficially 
associated with both waist circumference and C-reactive protein. The findings 
from these two studies suggest that irrespective of how long you are sedentary 
over the course of a day, regularly interrupting sedentary time can benefit a 
range of metabolic markers even if the interruptions are short and only consist 
of very light activity such as walking. These findings have practical applications 
for interventions to reduce or prevent the proposed negative health 
consequences of sedentary time as they suggest that small behavioural 
modifications could potentially have a significant protective effect. 
 
Nevertheless these findings must be interpreted with a degree of caution. 
In the earlier study by Healy et al109, although associations were observed 
between sedentary breaks with waist circumference, BMI, triglycerides and 2 hr 
plasma glucose, following adjustment for waist circumference these 
associations, with the exception of BMI, were attenuated (we can assume 
attenuated is attenuated to null although this is not explicit). The sample for this 
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study was also relatively small. In the later study by Healy et al54 which had a 
far larger sample, although associations are observed between sedentary 
breaks and both waist circumference and C-reactive protein, these were only 
two of ten biological markers measured (waist circumference, systolic blood 
pressure, diastolic blood pressure, HDL-cholesterol, C-reactive protein, fasting 
triglycerides, fasting plasma glucose, plasma insulin, beta cell function [HOMA-
%B] and insulin sensitivity [HOMA-%S]).  
 
In addition, a recent study by Cooper et al175 examined the cross-
sectional and prospective associations between sedentary time and sedentary 
breaks with a range of biological risk factors and evidence for the benefit of 
interrupting sedentary time was limited. In cross-sectional analyses each hour 
of sedentary time was associated with a larger waist circumference, higher 
fasting insulin, and reduced insulin sensitivity, and lower HDL-cholesterol (P 
<0.005 for all). Volume of sedentary time also predicted HDL-cholesterol, 
fasting insulin and insulin sensitivity over six months of follow-up. However 
sedentary breaks were associated with a lower waist circumference only in the 
cross-sectional analyses and were not associated with any metabolic outcomes 
in the prospective analyses.  
 
The potential beneficial effects of interrupting sustained sitting on 
metabolic markers are best examined using controlled laboratory based 
intervention studies. In such studies sitting and interruptions in sitting can be 
directly observed and the acute or cumulative effects of sitting on metabolic 
parameters can be monitored. The following sections will examine mechanistic 
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and laboratory based evidence for both the associations between sitting and 
metabolic health, and the metabolic benefits of interrupting prolonged sitting.  
 
3.9. Potential mechanisms for the associations between sitting and health 
outcomes. 
3.9.1. Sitting and lipid metabolism 
As described previously, a number of cross-sectional studies have 
reported positive associations between sitting or sedentary behaviours and 
markers of lipid metabolism including plasma triglyceride35 54 175 200 and both 
HDL-cholesterol54 175 200 and total cholesterol concentration.175 However there 
are no laboratory based studies which have examined the changes in lipid 
metabolism during a prolonged period of sitting. An early study by Bey and 
Hamilton23 used rodents to demonstrate a potential mechanism by which 
sedentary behaviour might affect lipid metabolism but as yet there have been 
no studies to examine the same processes in humans.   
 
Bey and Hamilton23 examined the regulation of lipoprotein lipase (LPL) 
activity in the skeletal muscle of rodents during physical inactivity in comparison 
with low-intensity contractile activity of ambulatory controls. As well as its 
presence in adipose tissue LPL is found on the endothelial wall of muscle 
capillaries and plays a central role in several aspects of lipid metabolism.253 A 
number of studies designed to manipulate LPL concentration and action254 255 
have concluded that it is critical for the tissue-specific uptake of triglyceride rich 
lipoproteins by non-hepatic tissues. There is also compelling evidence that 
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physiological modulation of LPL activity may contribute the aetiology or 
prevention of a number of metabolic disorders.23 Low LPL function has been 
associated with blunted plasma triglyceride uptake, reduced plasma HDL 
cholesterol256 and may also effect hypertension257 and diabetes induced 
dyslipidaemia.258 Wittrup et al259 also reported that a partial reduction in LPL 
function due to a specific polymorphism was associated with a five-fold increase 
in risk of death and coronary heart disease.  
 
Prior to this study the majority of evidence relating to the relationship 
between physical activity and LPL function focuses on the effects of high 
intensity exercise and less was known about the contrast of sedentary 
behaviour with low level muscular contractions. If the underlying mechanisms 
regulating LPL happen to be dependent on intensity then much could be gained 
by examining sedentary versus light intensity activity as this comprises the 
majority of human behaviour in waking hours. Specifically Bey and Hamilton 
tested the hypothesis that the normally high LPL activity in skeletal muscle 
(particularly in oxidative muscle fibres) used for ambulation and to maintain 
posture during standing would be significantly decreased by physical inactivity 
compared with ambulatory controls, and that restoring ambulation in previously 
inactive rodents would raise muscle LPL activity.23 
 
Hind-limb unloading (HU) was performed on a group of Sprague-Dawley 
rats to prevent weight baring and contractile activity of the hind limbs. This was 
achieved by attaching the tail to a length of fishing wire suspended from an 
overhanging metal rod and elevating it just high enough to prevent the rear feet 
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from touching the floor. In a chronic study, eight rats were inactive with HU for 
10 hrs per day for 11 days and compared to a control group without HU. In an 
acute study 20 rats were inactive for 12 hrs before normal ambulatory activity 
was allowed to resume. LPL activity, LPL protein mass, LPL mRNA 
concentration, plasma triglycerides and HDL-cholesterol concentration and 
triglyceride uptake were measured in the soleus and quadriceps of the hind leg. 
 
Hind limb muscle LPL activity was profoundly reduced (to less than 25% 
of control groups in both soleus and quadriceps) by inactivity in both acute and 
chronic trials.  There was no significant difference in the magnitude of the 
reduction between acute and chronic trials, suggesting that this is an acute 
effect of a single bout of inactivity rather than a cumulative one. There was no 
evident change in LPL activity in the cardiac or diaphragm muscle suggesting 
that this is a localised effect attributable to muscle inactivity rather than a 
systemic effect of reduced movement or energy expenditure. This was 
confirmed when tetonomy of the Achilles tendon was used to demonstrate that 
unilateral unloading of one hind limb would only decrease LPL activity in the 
unloaded limb compared to the loaded limb. Triglyceride uptake and HDL-
cholesterol were also dramatically reduced following HU. All of these negative 
effects were rapidly reversed following short periods of low intensity ambulation.  
 
In addition this study suggests that the mechanisms involved in reducing 
LPL function during inactivity may be qualitatively different to those involved in 
increasing LPL function during physical activity. During high intensity exercise 
LPL activity has been demonstrated to increase two and half fold in the least 
 
 
110 
 
oxidative regions of the leg muscle (the fast twitch white fibres) while the most 
oxidative postural leg muscles which already had high levels of LPL activity did 
not demonstrate any such increase. The changes shown in fast twitch fibres 
during exercise were mirrored by increases in LPL mRNA expression. In 
contrast, during inactivity LPL activity decreased in the most oxidative muscle 
fibres only (and then increased following low-intensity ambulation) despite there 
being no significant change in LPL mRNA expression. This suggests that unlike 
during higher intensity activity changes in LPL transcription is not central to 
changes in LPL activity during lower intensity activity or inactivity. 
  
Lipoprotein lipase is the first protein to be identified in the cellular 
pathway from muscular inactivity to adverse metabolic sequellae.27 As 
discussed a number of cross-sectional and prospective studies35 200 have 
demonstrated sitting time to be adversely associated with fasting plasma 
triglycerides, and HDL-cholesterol levels. The study by Bey and Hamilton 
suggests that LPL regulation is one of the most sensitive metabolic responses 
to physical inactivity and low-intensity contractile activity and it therefore offers 
an explanation for how sedentary time is related to lipid markers and chronic 
disease.24 As it is well established that tissue specific triglyceride uptake is 
limited by local LPL activity the findings from this study suggest that it is 
plausible that prolonged sedentary behaviour, or unloading of postural muscles 
(for example while sitting) could cause metabolic disturbance in humans. In 
addition the reported qualitative differences between the effects of exercise and 
inactivity support the idea of sedentary behaviours being an independent class 
of behaviour with specific determinants and effects.  
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While the findings of Bey et al are compelling, a degree of caution must 
be taken when inferring these findings to human subjects. The measurement of 
skeletal muscle LPL action is very difficult and invasive so these findings have 
never been replicated in humans. Miyashita et al260 used three two-day trials to 
examine the effect of a full day of sitting compared to a day of standing (45 
minutes of every hour) and a day with a 30 minute brisk walk, on a subsequent 
days postprandial lipid metabolism. On the second day of each trial participants 
rested and were provided with two standardised test meals. Repeated blood 
samples were taken to examine between trial differences in triglyceride 
concentrations, circulating LPL mass, apolipoprotein C-II (an activator of LPL) 
and apolipoprotein C-III (an inhibitor of LPL). They observed that while there 
were no significant differences between sitting and walking trials, triglyceride 
levels over the six hour observation period were 18% lower. While no between 
trial effects were observed in the LPL markers it is important to note that LPL 
protein mass in free circulation, is in the form of inactive monomeric LPL 
protein261 and only represents a small fraction of total LPL. It is therefore 
unlikely that the LPL protein mass measured in this study is directly involved in 
the hydrolysis of circulating triglyceride rich lipoproteins. However the reduction 
in postprandial lipaemia following the walking trial along with absence of a 
difference in LPL activator or inhibitor factors between trials suggests that 
increased LPL mediated triglyceride clearance may not be the dominant 
triglyceride lowering mechanism. It has been previously observed that low 
levels of energy expenditure achieved through walking can be effective in 
reducing postprandial lipaemia.262-266 It is therefore possible that small 
differences in energy expenditure caused by ambulation during a day where 
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people are predominantly seated could provide a potential mechanism for the 
observed associations between sitting and health.  
  
In order to gain a clearer understanding of the effects of sitting on lipids, 
additional intervention studies are required which examine associations 
between different patterns of sitting in humans (sustained versus interrupted) 
and the acute effects on lipid measures such as triglyceride clearance and 
plasma cholesterol.  
 
3.9.2. Sitting and glucose and insulin metabolism 
In skeletal muscle and adipose tissue, insulin stimulates the uptake of 
glucose by translocation of the GLUT4 glucose transporter to the cell surface. In 
the skeletal muscle and liver tissue, insulin stimulates the synthesis of glycogen 
from glucose and inhibits glycogenolysis. In the liver insulin also decreases 
hepatic gluconeogenesis, preventing an influx of more glucose into the 
bloodstream. In adipose tissue, insulin inhibits lypoloysis and stimulates glucose 
uptake. The net effect of all these functions is to increase glucose uptake and 
reduce circulating glucose levels.267 In insulin resistance, the insensitivity of 
muscle, adipose and liver cells to insulin causes circulating glucose levels to 
remain high which leads to pathology.  
 
As discussed previously insulin resistance and compensatory 
hyperinsulinaemia appear to be the common threads that predispose the 
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development of a range of clinical conditions and there is cross-sectional54 200 
and prospective268 evidence linking high volumes of sitting or sedentary time 
with reduced insulin sensitivity.  In addition there is some supportive 
experimental evidence for these associations. 
 
Early laboratory studies examining the metabolic effects of inactivity in 
human subjects have focused on bed rest and spinal injury models where 
complete inactivity is prescribed for a number of days.269-272 Hamburg et al 272 
measured insulin sensitivity, total cholesterol, plasma triglyceride concentration  
and vascular function in 20 healthy subjects before  and after 5 days of 
prescribed bed rest. During this period subjects were permitted up to 30 
minutes out of bed over the course of each 24 hr period for reasons of personal 
hygiene. Insulin sensitivity was measured using a standardised glucose 
tolerance test. Briefly, following a baseline blood sample subjects consumed a 
drink containing 75g glucose. Further blood samples were then taken at 30, 60, 
90 and 120 minutes. Net glucose and insulin responses to glucose loading were 
calculated as area under the concentration versus time curve over 2 hours. 
Following five days of bed rest net glucose response was 6% higher (P =0.003) 
and net insulin response was 67% higher (P <0.001) indicating a significant 
reduction in insulin sensitivity. Smorawinski et al270 used a similar protocol to 
examine the effect of three days of bed rest on insulin sensitivity in both trained 
and sedentary (defined as undertaking no regular exercise) participants. 
Following bed rest, they observed a 100% increase in the area under the insulin 
versus time curve in trained subjects and a 40% increase in sedentary subjects 
(P<0.001 for both). Such studies employ an unusual pattern of inactivity which 
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is substantially different in terms of both volume and posture from the day to 
day sedentary patterns of healthy free living individuals. However their findings 
should not be discounted as they may provide some insight into the possible 
mechanisms underpinning the observed associations between sitting and 
chronic disease. As insulin sensitivity was only measured pre and post bed rest, 
the timescale for the observed metabolic changes cannot be established.  
However if such changes were apparent following one day of bed rest then it 
would be reasonable to hypothesize that similar changes might be induced 
during a day of uninterrupted sitting.  
 
To date only three randomised control trials have looked to investigate 
the acute effects of sustained versus interrupted sitting on metabolic outcomes 
including insulin sensitivity. Dunstan et al273 compared the effects of three 7 hr 
sitting trials on glucose and insulin profiles following the ingestion of a mixed 
test drink in overweight and obese adults (aged 45-65yrs). One trial involved 
sustained sitting, while during the other two, sitting was interrupted by repeated 
two minute bouts of either light (3.2km/h) or moderate (5.8/6.4km.h) intensity 
walking. Compared to the sustained sitting trial, interrupted sitting lowered the 
area under the plasma glucose and insulin versus time curves by 30% and 23% 
respectively. No difference was seen between the light and moderate intensity 
walking trials. These results seem to indicate that regardless of the exercise 
intensity of the interruptions, breaking up prolonged periods of sitting has a 
beneficial effect on glucose and insulin metabolism. However, what is not clear 
from this study is whether the reductions in glucose and insulin concentrations 
were due to the act of disrupting sitting, or whether they were due to the 
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accumulation of a higher total daily energy expenditure due to the repeated 
walking bouts.  
 
Stephens et al274 used a similar three trial design to examine insulin 
action in a younger (aged 19-32yrs) population. The first two trials involved a 
day of uninterrupted sitting and a day of activities which were designed to 
replicate the normal day to day movements of a healthy adults (sitting was 
restricted).  Energy intake was controlled and was the same in the first two 
trials. The third trial involved a day of uninterrupted sitting in which energy 
intake was reduced in order to balance the reduced energy demands of a 
completely sedentary day.  Compared with the active trial, one day of sitting 
reduced insulin action by 39%. Reducing energy intake to match the lower 
energy demands of sitting significantly attenuated but did not completely 
prevent the decline in insulin action. Unlike in the study by Dunstan et al, by 
removing the effect of energy balance in one of the trial arms it is possible to 
see whether there are physiological changes which relate to sitting itself which 
may contribute to observed associations with disease. The findings suggests 
that a positive energy balance (due to low energy expenditure) may account for 
a large proportion of the difference between uninterrupted and interrupted sitting 
patterns, but that other factors specific to  sitting behaviour such as 
haemodynamic changes caused by low muscle activity or differences in posture 
during sitting may be also involved.274 
 
In a similar study Peddie et al 275 examined differences in plasma 
glucose, insulin and triglyceride concentrations across three nine hour trials in 
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70 adults (aged 25.9 ± 5.3 yrs). The first trial involved sustained sitting, while 
during the second a single 30 minute bout of walking was undertaken at the 
start of the day (physical activity trial). During the third trial sitting was 
interrupted every 30 minutes with a walking bout lasting 1 minute 40 seconds 
(activity breaks trial). Three meal replacement drinks were consumed at 60, 240 
and 420 minutes. Incremental area under the curve for glucose was significantly 
reduced in the activity breaks compared to the physical activity (37% P<0.001) 
and sustained sitting (39% P<0.001) trials. Incremental area under the curve for 
insulin was also significantly reduced in the activity breaks compared to the 
physical activity (18% P<0.001) and sustained sitting (26% P<0.001).  No 
differences were observed between the physical activity and sustained sitting 
conditions. The total duration of activity and average heart rate during both the 
activity breaks and physical activity conditions were the same, suggesting that 
differences in total daily energy expenditure do not explain the reduction in 
glucose and insulin concentrations in the activity breaks trial relative to 
sustained sitting. Rather there are factors related to the regular interruption of 
sitting which may be beneficial.  The authors postulate that the frequent nature 
of the short bouts of activity may maintain increased permeability of muscle 
cells to glucose and that perhaps frequent activity also maintains GLUT-4 
transporter proteins in a position in the cell from which they can be readily 
recruited.276 
 
While these studies suggest that changes in glucose and insulin 
regulation may contribute to the observed negative health consequences of 
uninterrupted sitting it is still not possible to say with any certainty whether the 
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observed beneficial effects are related to posture (sitting versus standing) or 
movement.  
 
3.9.3. Shear stress and haemostatic changes during sitting 
Another potential mechanism by which sitting might affect metabolic 
health and ultimately contribute to disease relates to the postural aspect of the 
behaviour: i.e. the haemostatic changes related to the sitting position. The 
endothelium is the single layer of cells lining the vascular system which 
performs anti-atherogenic functions such as preventing coagulation, 
inflammation and adhesion and regulating permeability and vasomotor 
control.277 It follows that when the endothelium is compromised it’s protective 
anti-atherogenic activities are diminished, thus promoting atherosclerosis. Nitric 
oxide is an antioxidant molecule that is involved in all of the anti-atherogenic 
properties of the endothelium.278 One of the primary features of endothelial 
dysfunction is oxidative stress, which is caused by an imbalance between pro-
oxidative and anti-oxidative molecules, and is the primary etiology of 
cardiovascular disease.279 Shear stress is the tangential force due to blood 
exerted across the endothelium and is essential for the release of vasoactive 
substances, gene expression and cell metabolism. The synthesis of nitric oxide 
is catalysed by the phosphorylation of endothelial nitric oxide synthase (eNOS) 
which is facilitated by shear stress. The magnitude of shear stress therefore 
directly influences the function of endothelial cells. Areas of high shear stress 
where endothelial function is good are relatively protected from atherosclerosis, 
whereas areas of low shear stress are at greater risk.280  Thus, low shear stress 
has been identified as one of the etiologies of atherosclerosis and CVD.  
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During sitting, muscular activity in the lower extremities is greatly 
reduced. The absence of the muscular contractions usually associated with 
postural support and ambulation decreases blood flow, increases blood pooling 
in the calf, augments mean arterial pressure and deforms the natural shape of 
arterial segments relative to upright or supine positions. The net result of these 
changes is a reduction in shear stress and the reduced availability of nitric oxide 
which compromises endothelial function. Padilla et al281 observed that  30 
minutes of sitting was enough to significantly reduce shear stress, and other 
studies have observed venous pooling and reduced blood flow in the legs after 
only an hour.282 In light of this it has been suggested that prolonged sitting 
exposes the endothelium to a pro-atherogenic milieu which will increase the risk 
of cardiovascular disease. Conversely, bouts of activity which interrupt sitting, 
could interrupt the harmful hemodynamic environment associated with the 
sitting posture.278 This hypothesis provides a biologically plausible mechanism 
for the observed associations between sitting time and chronic disease. It also 
fits well with epidemiological evidence for the beneficial effect of interrupting 
extended periods of sitting. Importantly, as this potential mechanism centres 
around haemodynamic changes associated with the postural or topographical 
aspect of sitting, it adds to the argument that sitting itself is a risk factor for 
disease, rather than sitting being a proxy for reduced energy expenditure or 
positive energy balance. 
 
However, insulin sensitivity also plays a key role in the synthesis of nitric 
oxide. As discussed previously, sitting time has been observed to reduce insulin 
sensitivity and therefore the effect of haemostatic changes associated with 
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sitting down may be less important. If the reduced availability of nitric oxide 
relates to reduced insulin sensitivity rather than changes in blood flow, then the 
associations between sitting and health may yet be attributable to increased 
adiposity or a positive energy balance (and subsequent insulin insensitivity) 
resulting from reduced energy expenditure rather than a direct effect of sitting 
itself.  As insulin and shear stress act to facilitate the synthesis of nitric oxide 
through the same chemical pathway278  it may be difficult to separate the effect 
of one from the other. There are currently no studies which have concurrently 
examined both the metabolic and haemostatic effects of prolonged sitting. 
However, in the study by Hamburg et al272 (described previously [3.9.2]), while 
the authors postulated that insulin resistance caused by five days of bed rest 
was the primary mechanism for the reduction in endothelial function, they also 
suggested that low vascular shear stress may have had a significant 
contribution.  
 
 3.10. Evaluation of evidence base  
As described earlier in this chapter, Sir Austin Bradford-Hill proposed a 
set of criteria with which to evaluate whether an association between an 
exposure and an outcome could be considered causal. These criteria will 
provide a framework with which to evaluate the evidence presented in this 
review for an association between sitting and health. 
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3.10.2 Coherence with current health trends and analogous evidence 
Bradford-Hill’s criteria for causality refer to the coherence of an observed 
association with what is already known about the prevalence of the exposure 
and the outcome i.e. does the idea of a detrimental effect of high levels of sitting 
fit with current health trends? As discussed previously over the last 30 years 
sitting has become ubiquitous with technological development in all domains of 
day to day life allowing previously manual or active tasks to be automated and 
more sedentary. Alongside these changes the prevalence of chronic conditions 
such as cardiovascular disease, type II diabetes and obesity has risen and 
these increases are predicted to continue over the next 20 years.283-285  
 
In a similar way, analogous evidence of associations between similar 
exposures and health outcomes can strengthen a case for a causal association. 
The hypothesis that high levels of sitting can have a deleterious effect on health 
is certainly consistent with what has been previously observed in studies 
examining the health consequences of a ‘sedentary lifestyle’.286 In such studies 
a sedentary lifestyle is characterised in part by high levels of sitting, although no 
direct measurement of sitting is made. Patel et al287 examined the metabolic 
deterioration in the sedentary control groups of physical activity training studies. 
These control groups remained ‘inactive’ (remained largely sedentary and 
undertook no physical activity) for six months while participants in other 
experimental conditions received a range of exercise training regimes. It was 
observed that over the follow-up period participants in these sedentary control 
groups experienced deterioration in several metabolic parameters including 
increased adiposity, worsening lipoprotein profiles and a range of indicators of 
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glycaemic regulation. Similar effects were also observed over shorter four 
month, follow-up periods. As discussed previously, a number of studies have 
also observed deterioration in insulin sensitivity following periods of enforced 
bed rest.269-272 These studies employ exposures which are not reflective of the 
sitting patterns observed in day to day living which are the focus of this thesis, 
but they do provide the type analogous evidence referred to in Bradford-Hill’s 
criteria to offer support for the idea of a causal association between sitting and 
health outcomes. 
 
3.10.3. The specificity of the exposure and outcome measures 
Bradford-Hill also refers to the specificity of the exposure and outcome 
measures i.e. how well defined they are and how accurately are they 
measured? The more accurately defined the exposure and outcome the 
stronger an association should be. Within this review the outcome measures 
examined have been well defined as studies have predominantly focused on 
associations between sitting time or objectively defined sedentary time and 
either disease outcomes which are diagnosed by medical practitioners 
according to accepted diagnostic criteria or on biological risk markers which are 
objectively measured under controlled conditions. However the definition of the 
exposure in these associations is less clear and this is one of the fundamental 
questions in the field of sedentary behaviour research.   
 
As discussed previously (chapter 2), a range of self-report and objective 
methods have been used in studies examining associations between sedentary 
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behaviour and health. These methodological differences have led conjecture as 
to the true nature of the exposure captured in observational studies. 
Nevertheless,  studies using different measurement tools, which measure 
exposures including total sitting, individual sitting behaviours or objectively 
assessed sedentary time (defined by low levels of movement or physiological 
indicators of low movement), often compare their findings as if they are 
measuring the same thing.  
 
3.10.3.2. The use of self-report measures to assess sitting 
Self-report measures are the most prevalent in the literature.  Although 
there is inconsistency in the measures used and which specific sitting 
behaviours are included they are similar in the fact that they focus on sitting 
itself as defined initially by its postural topography and then by type of sitting or 
sitting in different contexts. A major benefit of self-report measures is that they 
can provide information on specific sitting behaviours and the specific contexts 
in which they occur. The majority of the observational studies in this review 
have focussed either on highly prevalent leisure time sitting behaviours such as 
TV viewing or screen time, or have examined sitting from all domains combined. 
Only a few have separately examined multiple discrete sitting behaviours such 
as occupational sitting time, non-TV leisure time sitting or time spent in 
motorised transportation. Two studies examined associations of multiple sitting 
behaviours with mortality,70 148 only one study has examined associations with 
diabetes and obesity191 and there is no published evidence of associations 
between multiple sitting behaviours and CVD risk. Chau et al148 observed that 
mortality risk was associated with total daily sitting but not with TV viewing or 
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occupational sitting. Hu et al191 observed that while all indicators of sitting (TV 
viewing, sitting at home and sitting at work) were associated with diabetes risk 
the strength of the associations varied considerably (stronger for TV viewing 
than for occupational sitting or other sitting at home). Moreover while TV 
viewing and occupational sitting were associated with obesity risk, other sitting 
at home was not.  
 
It seems that the existing evidence for an association with disease risk is 
stronger for TV viewing than for total daily sitting time or other sitting 
behaviours.  All three studies examining associations between TV viewing and 
cardiovascular disease risk observed positive associations65 67 while evidence 
of the association with total sitting time is equivocal.165-167 As discussed 
previously, regular TV programming and TV schedules may also make TV 
viewing easier to accurately recall than other types of sitting or total sitting from 
all domains. Misclassification due to inaccuracies in reporting would attenuate 
any true association towards the null. If TV viewing is reported with less error 
than total daily sitting then perhaps an association is more likely to be observed. 
It might be that TV viewing is more strongly associated with CVD risk as people 
are more likely to sit and watch TV for prolonged uninterrupted periods than 
they are while engaged in other sitting behaviours. It is also possible that the 
strength of the association observed with TV viewing may be due to the 
confounding effects of snacking behavior (during TV viewing itself) which is not 
present during other types of sitting. If different types of sitting occur in different 
patterns (in terms of frequency and duration), are subject to different 
confounding and are differentially associated with health outcomes, then this 
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highlights the need to separately examine associations with range of sitting 
behaviours (including occupational and leisure time activities and combined 
measures of total sitting) within the same cohort.    
 
3.10.3.3. The use of objective measures to assess sedentary time 
Objective measures of sedentary time address a number of limitations of 
self-report measures and studies employing such objective measures such as 
accelerometers and heart rate monitors have also observed significant positive 
associations between their exposures (time spent engaged in activities 
producing accelerations of <100 accelerometer counts per minute, and time 
spent below flex heart rate respectively) with health outcomes including 
mortality,150 abnormal glucose regulation99 and metabolic risk factors.110  In 
these studies the exposure is described as ‘sedentary time’, and it is assumed 
that participants are engaged in one of a number of sitting based activities. But 
the measurement devices used cannot measure sitting directly. As discussed 
the measurement of one aspect of sitting (low movement) and inferring or 
ignoring the others (the posture specific to sitting)20 can lead to considerable 
measurement error. While self-report measures would exclude standing or slow 
ambulation, movement based measures such as accelerometers are likely to 
include it as it may not produce acceleration values or increase heart rate over 
the predetermined sedentary threshold. This misclassification is particularly 
important when attempting to distinguish between sitting and very short bouts of 
very light intensity activity. 
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3.10.3.4. Implications for our understanding of the exposure 
The use of both self-report measures of sitting and various objective 
measures of sedentary time limits the comparability between studies. 
Differential associations have been observed between self-reported sitting and 
objectively assessed sedentary time in the same cohort 120 suggesting that they 
are measuring different things. Importantly the lack of specificity in the 
measures employed in studies examining associations between sedentary 
behaviour and health also highlights the uncertainty over the true nature of the 
exposure in this association. Although accelerometry and heart rate monitoring 
cannot accurately define sitting behaviour (from standing or low movement), 
studies have shown that prolonged periods involving low levels of movement or 
reduced heart rate (including during sitting behaviour) are associated with 
increased health risk. It could therefore be argued that it is not specifically sitting 
time which is important but low levels of movement (defined by time spent 
below a movement or metabolic threshold regardless of the specific activity or 
posture) which is associated with increased health risk. Time spent sitting may 
be characterised by relatively little movement and a relatively low metabolic 
rate. It could follow that in the observed association between self-reported 
sitting time and health, sitting time is simply a proxy marker for low levels of 
movement or a low energy expenditure. Conversely it is possible that the time 
spent engaged in low levels of movement captured by objective measures is 
characterised predominantly, if not exclusively by sitting and that sitting is the 
true exposure.  
 
 
 
126 
 
Controlled laboratory based studies of the metabolic effects of sustained 
sitting are needed, in order to isolate the biological mechanisms involved in the 
reported associations between sitting and health risk and to establish whether 
these changes are attributable specifically to sitting itself or to low levels of 
movement or low energy expenditure. Understanding these mechanisms will 
clarify the true nature of the exposure and allow more precise estimates of the 
scale of the exposure and the risk associated with it.  
 
3.10.3. Strength, consistency and the temporal nature of the association 
between sitting and health 
 
3.10.3.1 Strength and consistency and the possible effects of 
misclassification 
The results of the systematic reviews (figure 3.5) suggest that the weight 
of both the cross-sectional and prospective evidence supports a detrimental 
effect of high levels of sitting time and health.  The large number of studies 
reporting significant positive associations demonstrates the consistency 
required by the Bradford-Hill criteria for an association to be considered causal. 
This criterion questions whether an association has been observed in a variety 
of settings, using a variety of methodologies and in different populations. As 
described throughout this review associations between sitting or sedentary 
behavior and health outcomes have been observed using a range of exposures 
(including TV viewing, 35 173 181 200 206 288 leisure time sitting behaviour, 188 
occupational sitting, 69 and total sitting time) 54 64 using a number of 
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measurement tools (self-report, 35 53 67 190 191 accelerometer, 54 109 110 heart rate 
monitoring) 83 99 117 in adults from various countries (UK, 55 65-67 99 117 206 289 US, 54 
188 190 191 Australia, 35 53 109 110 173 181 200 207 230 288 Belgium, 189 Germany, 56 and 
Portugal).64   
 
While the consistency of these findings was far greater in the literature 
relating to mortality and metabolic disease than in the literature regarding 
cardiovascular disease morbidity it is possible that this is due in part to the 
variation in cardiovascular disease outcomes examined in these studies.  The 
inconsistency of findings related to sitting time and obesity suggests a complex 
relationship which may influence associations with other health outcomes and 
which require further examinations. 
 
Bradford-Hill highlights the importance of consideration of the strength of 
an observed association when considering the case for it being causal. The 
stronger a relationship appears, the less it could merely reflect the influence of 
some other aetiological factors.  A one hour increase in daily TV viewing has 
been associated with an 11% (95%CI 3-20%) increase in all-cause mortality 
risk; 53 an 18% (95%CI 3-35%) increase in CVD mortality risk; 53 a 6% increase 
in risk of both total (95%CI 3-8%) and non-fatal (95%CI 3-9%) CVD incidents; 65 
and a 12% (95%CI 0.001-27%) and 26% (95%CI 14-46%) increase risk of 
metabolic syndrome in men and women respectively. 181 A two hour increase in 
TV viewing has also been associated with a 14% (95%CI 5-23%) increase in 
diabetes risk and a 23% (95%CI 17-30) increase in obesity risk.  
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The case for an association to be considered causal is also strengthened 
by the presence of a biological gradient or a dose-response relationship 
between exposure and outcome. There are examples of dose response 
relationships between sitting and risk of mortality,53 55 62 incident CVD, 65 166 167 
metabolic disease,181 190-192 obesity 191 227 231  and a range of risk markers54 197 
200  indicating that risk to health may be greater with increasing amounts of 
sedentary time . These relationships have most often been reported as an 
increase in risk across discrete categories of increasing sedentary time 
although a number of studies have quantified a change in risk per unit of 
sedentary time. This type of associations has been observed in samples with 
different distributions of sitting time indicating that the dose response 
relationship may apply even at low levels of sitting.  
 
However a number of studies have only reported associations when 
comparing extreme categories of sitting. An increase in risk for incident CVD 
was only observed by Manson et al166 when comparing those who sit for >16hrs 
per day and those who sit for <4hrs per day. Similarly Chomistek et al167 
reported a greater risk in those who sit for >10hrs per day compared to those 
who sit for <5hrs per day suggesting that the association between sitting and 
risk for CVD is not linear.  
 
In addition effect sizes observed in associations between sedentary time 
and disease risk suggest a consistent but relatively weak association. The wide 
confidence intervals often observed with these effects also indicates a lack of 
precision in the measurement of the exposure. As discussed previously the 
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measures employed in studies examining the associations between sitting or 
objectively defined sedentary time and health are likely to be affected by 
measurement error. Sitting behaviours are difficult to accurately recall and 
objective measures can’t determine sitting from standing and therefore there is 
likely to be a degree of misclassification inherent in both measures. This 
measurement error, if non-differential will attenuate observed associations. 
However it is also likely that sitting behaviours may be differentially under-
reported by different groups within the population due to social desirability. If 
healthier people under-report sitting more than less healthy people then this will 
artificially inflate the observed association between sitting and health. 
Improvements in the measurement of sedentary behaviour will allow a clearer 
indication of the strength of the association with health outcomes, although as 
discussed such improvements are dependent on a clear definition of the 
exposure of interest. 
 
3.10.3.2. Adjustment of analyses for the confounding effects of physical 
activity 
Generally, prospective studies have adjusted analyses for important 
covariates including age, gender, socioeconomic position, health status and 
physical activity. As discussed previously, a central hypothesis in sedentary 
behaviour research is that the effect of sitting time on health is independent of, 
and in addition to the effect of physical activity. The persistence of observed 
associations following adjustment for physical activity is cited in evidence of 
this. Most commonly studies have adjusted their analyses for time spent in 
moderate to vigorous PA,53 67 although a number of studies have measured 
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leisure time physical activity,165 167 leisure time exercise,193 and adherence to 
public health guidelines (based on MVPA).154 Light intensity physical activity 
has rarely been included as a covariate in previous prospective analyses of 
sedentary behaviour and health outcomes. Measuring light intensity activities 
using self-report is problematic as such activities occur throughout the day in 
many different contexts and often for very short amounts of time. While time 
spent engaged in light intensity activity can be measured using accelerometers, 
it cannot be included as a covariate in analysis of sedentary time along with 
MVPA as time spent in these four activity intensities would comprise 100% of 
accelerometer wear time. This would cause collinearity in the analytical models. 
Nevertheless without adjusting for all physical activity it is not possible to say for 
certain that the observed associations are not a result of residual confounding 
due to differences in light intensity physical activity.    
 
3.10.3.3. The temporal nature of the association between sedentary time 
and health, and the complex relationship with adiposity 
In order for an association to be causal Bradford-Hill states that the 
exposure (in this case sitting) must precede the outcome. A number of studies 
examining associations between sedentary behaviour and mortality risk 
repeated their analysis after excluding all deaths within the first year,62 150 153 
two years,55 63 67 three years70 149 or four years53 after baseline. One study also 
stratified the analyses by 3 categories of follow-up time in order to examine 
differences in the observed association (it was reported that the associations 
were similar for each category of follow-up time).154 Some of these studies also 
excluded participants with a history of conditions such as cardiovascular 
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disease, myocardial infarction, stroke, cancer, and emphysema.53 55 62 67 70 149 150 
154 As discussed previously it is possible that deteriorating health may cause 
people to engage in more sedentary activities, increasing their baseline 
sedentary time as well as their mortality risk. These steps reduce the possibility 
that prior health conditions and subclinical or undiagnosed illness will affect the 
exposure prior to its baseline measurement and doing so reduces the risk of 
reverse causality. Those prospective studies which observed associations 
between sedentary time and incident CVD used similar methods to reduce the 
possible effects of reverse causality, with most repeating analyses following 
exclusion of all cardiovascular events from the first year of follow-up.65 67 164 166 
In studies by Chomistek et al167 and Manson et al,166 as well as excluding 
participants with previous history of cardiovascular and cerebrovascular disease 
the authors excluded participants with any medical condition which would 
normally be associated with a predicted survival of less than 3 years including 
liver and kidney disease, alcoholism and some mental illnesses.  
 
It is more difficult to rule out the possibility of reverse causality in the 
prospective studies examining associations between sedentary time and both 
metabolic disease and obesity. None of the studies examining associations with 
incident type II diabetes report repeating the analysis following exclusion of 
those diagnosed early in follow-up. While some studies excluded participants 
with a history of conditions including CVD, cancer, stroke, myocardial infarction 
and gestational diabetes,190-192 none have accounted with the presence of 
abnormal glucose metabolism or subclinical diabetes at baseline (either by 
excluding participants or adjusting for baseline measures of insulin sensitivity in 
 
 
132 
 
their analyses). Also, only three of these studies adjusted their analyses for 
baseline BMI56 191 192. Krishnan et al192 explain that this decision was taken as 
obesity can be viewed as being on the causal pathway between sitting and 
obesity and therefore should not be included as a covariate. However as 
described above the nature of the association between sitting and obesity is 
unclear. By not adjusting for either BMI or insulin sensitivity the possibility that 
subclinical illness or undiagnosed diabetes may influence baseline sedentary 
time remains.  
 
It is very plausible that high levels of sedentary time might be both a 
cause and consequence of obesity and as described previously two authors117 
250 have suggested that obesity or adiposity may predict sedentary time rather 
than sedentary time predicting obesity. Clarifying the apparent bi-directional 
relationship between sitting and obesity is important, not just for obesity 
research but also for studies examining the associations between sitting and 
other health outcomes for which obesity or adiposity is a precursor. Within this 
review a number of prospective studies have observed that following 
adjustment for BMI, significant associations with disease outcomes have been 
substantially attenuated190 192 or attenuated to null.56 This effect was also 
apparent in the cross-sectional analyses by George et al,29 Stamatakis et al,128 
Tonstad et al172 and de Heer et al.157 In addition it has been observed that 
variance in BMI explained a significant proportion of the associations between 
accelerometer defined sedentary time and metabolic risk markers.128 252 It is 
therefore possible that obesity or adiposity may play a mediating role in the 
associations between sitting and disease outcomes. In order to better 
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understand these relationships, further research is needed to clarify the nature 
and direction of the association between sedentary time and obesity. 
 
3.10.4. Biological plausibility and experimental evidence 
The last of Bradford-Hill’s criteria refer to whether an association 
between an exposure and an outcome is biologically plausible and whether 
there is experimental evidence for an association. As discussed previously (3.7) 
a number of studies have observed significant detrimental associations between 
both self-reported sitting and objectively assessed sedentary time with a range 
of individual risk markers which are important precursors to chronic conditions 
such as cardiovascular and metabolic disease.34 35 54 128 200 252 These studies 
suggest that deleterious effects on insulin sensitivity, lipid metabolism and 
inflammatory markers may provide the biological pathway by which sitting might 
increase disease risk. It has also been demonstrated that interruptions in 
sedentary time may attenuate these detrimental effects.109  
 
The argument for causality can be further strengthened if it is 
demonstrated under controlled laboratory conditions that a manipulation of the 
exposure (i.e. different patterns of sitting/interruptions) causes a change in 
these outcome measures. There is currently a dearth of experimental studies 
which have examined the acute metabolic effects of sustained sitting behaviour. 
The findings of three of these studies, those by Dunstan et al273 Stephens et 
al,274 and Peddie et al275  suggest that interrupting prolonged periods of sitting 
with light intensity activity may have beneficial effects on glucose and insulin 
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regulation. However what is not clear is the underlying mechanism of this effect 
and whether it is caused by sitting or by an increase in movement or energy 
expenditure. Dunstan et al observed that there was no difference in the 
magnitude of this effect between trials, where sitting was interrupted between 
two different walking speeds and concluded that any interruption of sitting 
(regardless of the energy expenditure) would provide a benefit.273 Stephens et 
al observed that a reduction in energy intake, to match a lower energy 
expenditure during a day of sustained sitting, eliminated a large proportion of 
the between trial differences and concluded that the detrimental effects of sitting 
may be largely due to a positive energy balance.274 This suggests that energy 
expenditure and energy balance may be important factors in the association 
between sitting and metabolic health. This is also supported by Miyashita et 
al260 who suggested that small differences in energy expenditure between a day 
of sitting and a day of sitting with a single walking interval may account for the 
observed differences in postprandial lipaemia.  However Stephens et al also 
suggest that as not all of the observed effects could be explained by differences 
in energy balance there may be additional factors, specific to sitting behaviour, 
which may contribute. These factors may relate to changes in blood flow and 
resultant low or turbulent shear stress caused by the sitting posture.  
 
Further controlled experimental studies are needed to clarify the 
biological changes which may occur with sustained sitting behaviour and the 
timeframe over which they occur. Changes in these metabolic markers with 
different patterns of sitting, i.e. different numbers and distributions of sedentary 
breaks (interruptions in sitting) also require further examination. As described 
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above, by isolating and manipulating these mechanisms in a controlled setting it 
will also be possible to clarify the true nature of the exposure i.e. whether the 
observed detrimental effects of high levels of sedentary time are due to sitting 
itself, or because sitting is simply a proxy for lower energy expenditure.   
 
3.11. Summary and directions for research 
The idea that sitting can have detrimental effect on health is coherent 
with current health trends and analogous evidence of associations between 
inactivity or sedentary lifestyle and disease. From the literature described above 
it is clear that there is evidence for an association between sitting or sedentary 
time and health outcomes. Large, cohort studies from a range of different 
populations have demonstrated significant positive associations between self-
reported sitting time and both all-cause and cardiovascular disease mortality 
risk and there is also evidence for an association between sitting or sedentary 
time and metabolic disease. However the evidence for an association between 
sitting and both incident cardiovascular disease and obesity is less consistent.  
There are examples of dose-response associations between sitting and 
health risk, observed in a wide range of populations using a number of different 
methodologies. Associations with individual biological risk markers from both 
epidemiological and early experimental studies also suggest that a mechanistic 
link between sitting and health risk is biologically plausible. However a number 
of fundamental research questions remain.  
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The temporal relationship between sitting and obesity is unclear and this 
may confound associations between sitting and other health outcomes. As it is 
plausible that high volumes of sitting are both a cause and a consequence of 
obesity further research is needed to clarify the direction of this association in 
order to clarify the role of obesity in the relationship between sitting and other 
health outcomes.  
An examination of the potentially differential associations of a range of 
separate sitting behaviours with health outcomes is also necessary. Both 
epidemiological and experimental evidence has suggested that different 
patterns of sitting might determine the magnitude of any negative health effects. 
However, only a few studies have separately examined multiple sitting 
behaviours, which may differ in in their determinants, frequency and duration, in 
the same cohort. 
 
The true nature of the exposure also needs to be clarified. It is possible 
that the observed associations between sitting or sedentary time with health 
outcomes are attributable to low levels of movement resulting in a low energy 
expenditure or from metabolic changes associated with sitting itself. If low 
movement/energy expenditure is the crucial factor and the postural aspect of 
sitting has no bearing on the association between sitting and health then it is 
possible that non-sitting activities such as standing or slow walking (with similar 
low energy expenditures) may be equally detrimental to health. However if there 
are features of the postural aspect of sitting which contribute to deleterious 
effect on health then sitting itself can be regarded as the true exposure. The 
relatively wide confidence intervals for the reported effects of increasing sitting 
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often reported in the literature speak to a possible lack of precision in the 
measurement. By clarifying the exposure decisions can also be made on how 
best to accurately measure it and subsequently improve the precision of the 
estimates of the association between sitting and health outcomes.  
 
Further experimental evidence is needed to identify the biological 
parameters which are affected by acute exposure to sustained sitting, the time 
frame over which these changes occur and the potential benefits of interrupting 
sustained periods of sitting. This will not only provide better insight into the 
mechanisms underpinning the observed associations with disease risk but will 
also clarify whether sitting itself or low levels of movement is the true exposure. 
This insight could in time provide a basis for future behavioural intervention to 
improve population health. 
 
As discussed previously, the criteria proposed by Bradford-Hill are not 
intended as nine strict rules which must be adhered to in order for a causal 
association to be established. Others have proposed differing criteria and it has 
also been argued that the myriad reservations and exceptions to such criteria 
undermine their use altogether.290 However these criteria do provide a 
framework of perspectives from which to analyse a given body of evidence and 
to highlight gaps or weaknesses that can guide future research.  Based on this 
review of the current evidence regarding sitting and health the following 
research questions have been identified and these will form the basis of my 
thesis. These questions fall under three main themes: 
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What is the risk associated with high volumes of daily sitting? 
1. Is sitting time associated with risk for major health outcomes? 
2. Are associations between all types of sitting and major health outcomes 
the same? 
3. What is the direction of the association between sitting and obesity? 
 
Who is at risk? 
4. What is the prevalence of sitting in England and does sitting vary across 
population subgroups? 
 
What causes the reported risk of sitting? 
5. What are the biological mechanisms that underpin the observed 
associations between sitting and health outcomes? 
6. Can interrupting sustained sitting beneficially affect these mechanisms? 
These questions will be address in the subsequent chapters. 
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Chapter 4 
The Whitehall II study 
 
In order to examine the health risks associated with sitting time I have 
drawn upon data from the Whitehall II study, a longitudinal cohort study of 
London based employees working within 20 departments of the Whitehall 
offices of the British Civil Service. 
 
4.1. The Whitehall and Whitehall II studies: History  
The original Whitehall study was set up by Donald Reid and Geoffrey 
Rose in the 1960’s as a longitudinal study of cardiorespiratory disease and 
diabetes.291 Personal letters were sent to male Civil Servants aged between 40 
and 64, working in selected departments within approximately 2 miles of 
Whitehall in London, explaining the study’s objectives and inviting them to 
participate. The response rate was 77%, ranging from 57% among messenger 
grade employees to 87% amongst senior grades.292 The baseline cohort 
consisted of 18403 participants. The study was based at the London School of 
Hygiene and Tropical Medicine and Guy’s Hospital Medical School and initially 
included a standardised questionnaire and a simple baseline screening 
examination between 1967 and 1969 (consisting of measurements including 
height, weight, blood pressure, plasma cholesterol concentration, a glucose 
tolerance test and a 6-lead electrocardiogram).293 Follow-up was limited to 
deaths identified from the National Health Service registry. Although the 
Whitehall studies have become closely associated with socioeconomic 
differences in health, investigation of social stratification was not the original 
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focus of the study.291 Although it had been observed that mortality risk was 
markedly higher in men and women from the working classes than those of 
higher status,294 the general view was that social differences in health were due 
to people in the lowest social strata suffering with diseases associated with 
material deprivation while the more affluent were more likely to be afflicted with 
conditions of excess such as heart disease.291 295 
 
Nevertheless evidence from the Whitehall study demonstrated that over 
ten years of follow up there was a steep inverse social gradient in mortality from 
all-causes, from coronary heart disease (CHD) and from non-coronary causes. 
Compared to senior administrative staff the relative risk of death from CHD was 
2.2 for clerical employees and 1.6 for those in the intermediate professional and 
executive grade.296 Men in the lower employment grades tended to be shorter 
and heavier for their height, had higher blood pressure and fasting plasma 
glucose, smoked more and reported less time in physical activity than those in 
higher grades.294 However, after adjustment for these conventional risk factors 
two thirds of the risk differential between clerical and administrative grades 
remained unexplained.294 296 297 These findings suggested that health 
inequalities were not, as had been previously assumed, limited to the 
consequences of poverty.  
 
It was therefore hypothesised that other psychosocial and nutritional 
factors may contribute to the social gradient in mortality. The Whitehall II study 
was set up by Professor Sir Michael Marmot in 1985 to continue the central 
themes of the original study, but also with the long term aim of determining the 
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specific biological mechanisms which account for the previously observed social 
inequalities in health outcomes including cardiovascular disease, diabetes and 
mortality. With such mechanistic questions the study sought to build evidence 
for disease occurrence and for explanations of social inequalities in 
incidence.291  
 
4.2. The Whitehall II study: The participants 
All civil servants (men and women) between the ages of 35 and 55 
working in the London offices of 20 Whitehall departments were invited to 
participate by letter and 73% agreed.298 The achieved baseline sample of 10308 
(3416 women and 6895 men) were from clerical and office support grades, 
middle ranking executive grades and senior administrative grades. Each 
participant gave written informed consent and the University College London 
ethics committee approved the study. The baseline examination (Phase 1, 
1985-88) involved a self-administered questionnaire and a clinical examination. 
Subsequent phases of data collection alternated between postal questionnaire 
alone and a combination of questionnaire and a clinical exam. In order to 
minimise attrition between measurement phases careful attention was paid to 
the quality of all contacts with participants and considerable diligence taken in 
tracing those lost to postal contact.291 Measurement phases, number of 
participants and response rates are detailed in table 4.1.  
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Table 4.1. Summary of Whitehall II study measurement phases 
Phase Dates Type Participants Response rate 
1 1985-1988 Screening and 
questionnaire 
10308 73% of 
 responders 
2 1989-1990 Questionnaire 8132 79% of P1 
responders 
3 1991-1993 Screening and 
questionnaire 
8815 86% of P1 
responders 
4 1995-1996 Questionnaire 8628 84% of P1 
responders  
5 1997-1999 Screening and 
questionnaire 
7870 76% of P1 
responders 
6 2001 Questionnaire 7355 71% of P1 
responders 
7 2003-2004 Screening and 
questionnaire 
6967 68% of P1 
responders 
8 2006 Questionnaire 7173 70% of P1 
responders 
9 2008-2009 Screening and 
questionnaire 
6761 66% of P1 
responders 
10 2011 Screening and 
questionnaire* 
277 84% of those 
invited 
11 2012-2013 Screening and 
questionnaire 
6318 61% of Phase 1 
responders 
12 2015-2016 Screening and 
questionnaire 
Currently in planning stage 
P1= Measurement Phase 1. *Pilot.  A small group of Stress and Health participants were selected randomly and invited 
to attend Phase 10 clinic. This enabled the successfully pilot of new measures for mental well-being introduced at 
Phase 11. 
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4.3. The Whitehall II study: Funding  
The recruitment process and baseline measurements were funded 
through a series of small grants from the Medical Research Council in the UK, 
the National Heart Lung and Blood Institute in the USA and the UK Health and 
Safety Executive.  The Whitehall II study is currently supported by grants from 
the Medical Research Council (G0902037), British Heart Foundation 
(RG/07/008/23674), Stroke Association, National Heart Lung and Blood Institute 
(5RO1 HL036310) and National Institute on Aging (5RO1AG13196 and 
5RO1AG034454). 
 
4.4. The Whitehall II study: The measurements 
The study was designed to provide regular contacts with the cohort in 
order to track changes in social and economic circumstances, psychological 
states, health behaviours and biological pathways to clinical and subclinical 
diseases.291 The non-biological and biological factors measured are described 
in tables 4.2 and 4.3. 
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Table 4.2. Summary of non-biological data collected in the Whitehall II study 
Subheading Description 
  
Demographic data 
 
Age, gender, ethnicity 
Socioeconomic data Education, household composition, income, financial 
assets, work and work change (retirement). 
 
Area-level indicators Deprivation, classification of area. 
 
Psychosocial/work 
exposure 
Effort-reward, demand-control, social support, social 
networks. 
 
Health behaviours Smoking, alcohol, diet-food frequency, physical activity. 
 
CVD WHO chest pain, details of CVD symptoms investigations 
and treatment. 
 
General health 
(subjective) 
Self-rated health, well-being, longstanding illness, hospital 
admissions, medications, musculoskeletal conditions, 
quality of life (SF-36). 
 
Mental Health 
(subjective) 
General Health Questionnaire (GHQ) (anxiety, 
depression), Centre for Epidemiological Studies 
Depression Scale (CESD), SF-36 Activities of daily living 
(ADL), Instrumental ADL.  
 
Health outcomes 
(objective) 
Sickness absence, myocardial infarction and coronary 
surgery, stroke, clinical depression, CVD/CHD mortality, 
mortality. 
Adapted from Marmot et al. 2005291 
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Table 4.3. Summary of physiological assessments by measurement phase of the Whitehall II study 
 Phase 1 (1985-
1988) 
Phase 3 (1991-1993) Phase 5 (1997-1999) Phase 7 (2003-
2004) 
Phase 9 (2008-2009) Phase 11 (2012-
2013) 
Examination weight, height, 
BP 
weight, height, w/h 
ratio, BP 
weight, height, w/h ratio, 
BP 
weight, height, w/h 
ratio, BP, walking 
speed, spirometry 
weight, height, w/h 
ratio, body 
composition, BP, 
walking speed, 
spirometry 
weight, height, w/h 
ratio, body 
composition, BP, 
walking speed, 
spirometry 
Neuroendocrine BP reactivity  HR variability, 
hypothalamic-pituitary –
adrenal axis 
measurements 
HR variability, 
salivary cortisol 
diurnal rhythm 
HR variability, 
salivary cortisol 
diurnal rhythm 
HR variability, 
diurnal rhythm 
Subclinical 
CVD 
ECG: Minnesota 
codes, ECG 
LVM 
ECG: Minnesota 
codes, ECG LVM 
ECG: Minnesota codes, 
ECG LVM, 
US measures of 
endothelial dysfunction, 
carotid artery wall 
thickness/ distensibility, 
MRI  
ECG: Minnesota 
codes, ECG LVM, 
US measures of 
endothelial 
dysfunction, carotid 
artery wall thickness/ 
distensibility 
ECG: Minnesota 
codes, ECG LVM, 
US measures of 
endothelial 
dysfunction, carotid 
artery wall thickness/ 
distensibility 
ECG: Minnesota 
codes, ECG LVM, 
US measures of 
endothelial 
dysfunction,  
Lipids Total 
cholesterol, 
apoA1, and 
apoB 
Total, LDL & HDL 
cholesterol apoA1 & B 
I.p(a), triglycerides, 
cholesterol ester fatty 
acids 
Total, LDL & HDL 
cholesterol, triglycerides 
Total, LDL & HDL 
cholesterol, 
triglycerides 
Total, LDL & HDL 
cholesterol, 
triglycerides 
Total, LDL & HDL 
cholesterol, 
triglycerides 
Carbohydrate 
metabolism 
 Fasting and post-load 
glucose and insulin, 
HOMA %β, HOMA 
%IS 
Fasting and post-load 
glucose and insulin, 
HOMA %β, HOMA %IS 
Fasting and post-
load glucose and 
insulin, HOMA %β, 
HOMA %IS, HbA1c 
Fasting and post-load 
glucose and insulin, 
HbA1c 
Fasting and post-
load glucose and 
insulin, HbA1c 
Haemostatic 
and other 
Fibrinogen, 
Factor VIIc 
Fibrinogen, IL-6, CRP, 
factor VIIc, von 
Willebrand factor PAI-
1, Plasma β-carotene 
Fibrinogen, IL-6, CRP, 
SAA, viscosity 
D-dimer 
Fibrinogen, IL-6, 
CRP, 
Balance, chair rise, 
grip strength 
Chair rise, grip 
strength, liver 
function 
Adapted from Marmot et al. 2005291 BP = blood pressure, w/h = waist-hip, HR = heart rate, ECG = electrocardiogram, LVM = left ventricular mass, US = 
ultrasound, MRI = magnetic resonance imaging, HDL = high density lipoprotein 
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4.5. Strengths and limitations of the Whitehall II study 
The interdisciplinary nature of the Whitehall II study is a significant 
strength. Differences in health behaviours, risk factors and disease incidence 
across social strata are examined from social, psychological and biomedical 
perspectives. Repeated measurements of such a breadth of potential health 
determinants in a large sample,  and the relatively low levels of attrition between 
measurement phases allows the tracking of changes in disease risk and the 
identification of biological plausible links between exposures and disease 
outcomes.  
 
However the study is not without limitation. Occupational cohort 
participants are by definition sufficiently healthy to be in active employment, 
which may reduce the extent to which conclusions may be generalised to a 
wider population. Although the relatively rigid occupational hierarchy within the 
Civil Service allows the examination of the health effects of working at different 
levels of stratified organisation, this structure may not reflect those observed in 
other large employers. 
 
The baseline sample reflected the composition of the Civil Service at the 
time of the study’s inception. Women comprise only a third of the baseline 
group and around half of these were in the clerical and office support grade 
which may limit the ability to examine social differences in women’s health. 
There is also an absence of manual workers (in common with other white-collar 
organisations) and a relative lack of ethnic minority participants in the higher 
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employment grades. Attrition may also be higher amongst those from the lower 
employment grades and from ethnic minority groups.    
 
4.6. Assessment of physical activity in the Whitehall II study 
At the inception of the study the questionnaire items relating to physical 
activity focussed on frequency and duration of leisure time sporting activities 
and day to day household tasks. Participants were asked ‘How often do you 
take part in sports or activities that are: a) mildly energetic (including walking, 
woodwork, weeding, hoeing, bicycle repair, playing darts, general housework), 
b) moderately energetic (including scrubbing, polishing car, chopping, dancing, 
golf, cycling, decorating, lawn mowing, leisurely swimming), or c) vigorously 
energetic (including running, hard swimming, tennis, squash, digging, cycle 
racing). Response categories were: 3 or more times per week, 1 or 2 times per 
week, 1 to 3 times per month, never or hardly ever. Participants then reported 
the total volume of time, in hours per week that they spent in activities that were 
mildly, moderately or vigorously energetic using three open text response fields.  
 
          These items were used again in phases 2 and 3 to assess physical 
activity. In phase 3, two additional items were included. Participants were asked  
how their normal walking pace compared to someone of the same age and sex 
(slower, faster, same pace) and how many times per week the engaged in 
physical activity long enough to work up a sweat. These items were repeated in 
the phase 4 questionnaire. Complete versions of the Whitehall II questionnaires 
are available from the following address (http://www.ucl.ac.uk/whitehallII/data-
sharing).  
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          A more detailed assessment of physical activity behaviour was included 
in the phase 5 questionnaire. Participants were asked to report on average how 
many minutes they walked and cycled and how many flights of stairs they 
climbed during weekdays and weekend days over the past week.  The 
questionnaire then assessed physical activities using a modified version of the 
Minnesota leisure-time physical activity questionnaire299 which assesses both 
occupational, domestic and leisure-time physical activities, and which has been 
validated previously.299 Twenty items assessed time spent engaged in the 
following activities: walking, sports (cycling, football, golf, swimming and two 
open-text responses for any other sports), gardening (lawn mowing, weeding 
and one open-text response for other gardening activities), and housework 
(cooking, handing washing, carrying shopping, and two open text responses for 
other housework activities). As a measure of typical activity, participants were 
required to report the amount of time, in hours per week, spent engaged in each 
of these activities over the previous four weeks. Each activity was then 
assigned an energy expenditure value using reference values from a 
compendium of physical activity energy costs.  The reference energy 
expenditure values used in the early stages of Whitehall II were originally 
published by Passmore and coworkers in 1955 300 and were used to compute 
total energy expenditure in participants of the Harvard Alumni Study.6 17 Some 
of these reference values were updated following the publication of an updated 
compendium of physical activity costs in 1993.301 Physical activities were 
classified by metabolic equivalents (MET) where 1 MET was equal to energy 
expenditure at rest (approximately 3.5 ml O2 per kg body mass/per minute.
302 
Moderate intensity activities (e.g. heavy gardening, heavy household 
maintenance activities, some sports,) ranged from 3-5.9 METS and vigorous 
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intensity activities (e.g. sports) 6 METS or greater. As physical activity 
guidelines13 make their recommendations based on the required volume of 
activity of moderate level or above to promote and maintain good health, time 
spent in moderate and vigorous activity was combined as a measure of 
moderate to vigorous physical activity (MVPA). 
 
4.7. Sedentary behaviour in the Whitehall study; common methods for 
subsequent analyses 
The subsequent four chapters examine the associations between sitting 
time and four of the most common health outcomes in the sitting literature; 
mortality, cardiovascular disease, diabetes and obesity. The following section 
details the development of sitting exposures which are common to each of 
these four analyses. 
 
4.7.2. Determination of sitting time indicators 
Measures of occupational and leisure time sitting were first included in 
the Whitehall II screening questionnaire at Phase 5 (1997-99) and it is this 
phase which forms the baseline for the analyses in the subsequent four 
chapters. Participants were asked ‘On average how many hours per week do 
you spend: sitting at work, driving or commuting?’ and ‘sitting at home e.g. 
watching TV, sewing, at a desk?’, and responded by selecting one of eight time 
categories (none, 1hr, 2-5, 6-10, 11-20, 21-30, 31-40, >40hrs).  For sitting at 
home participants were given an open text response option to specify two types 
of sitting (each of which was subsequently given an activity code) and then 
selected a time category for each.  
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Leisure time activities were recoded from original activity codes (in 
tsitho1 and tsitho2) as follows; None = 0; TV=1(originally 231); Reading = 2 
(originally 224); Deskwork/Various sitting things = 3 (originally 256); Eating =4 
(originally 227); Other = 5 (all other activity codes and including cases with a 
missing activity code but with a time value). Total hours spent in activities 1-5 
were summed from the two time categories. Using the midpoint of each time 
category, 5 indicators of sitting expressed as hours per week were then 
computed: 1) work related sitting time, 2) TV viewing time, 3) Non-TV leisure 
sitting time, 4) Total leisure time sitting (sum of 2 and 3 above), and 5) Total 
sitting time (sum of 1-3 above). These items have been used previously191 and 
their validity is described elsewhere.303 
 
The next four chapters will examine the associations between these 
sitting indicators with: mortality, from all causes and from cardiovascular and 
coronary heart disease (Chapter 5); cardiovascular disease morbidity including 
myocardial infarctions and angina (Chapter 6); type II diabetes (Chapter 7); and 
obesity (Chapter 8).  
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Chapter 5 
Sedentary Behaviour and Mortality Risk 
 
5.1. Introduction 
The protective effect of physical activity of a moderate or vigorous 
intensity is well established.304 Previously it had been assumed that the 
negative health consequences associated with a ‘sedentary lifestyle’ were 
attributable to an absence of moderate to vigorous intensity physical activity 
(MVPA). However, in the last decade sedentary behaviours, i.e. those which 
elicit an energy expenditure of less than 1.5 metabolic equivalents (METs) and 
in which sitting predominates,21 have been viewed as a distinct class of 
behaviours with their own correlates. There is now growing evidence that 
prolonged periods of sitting  during activities such as watching television and 
working at a computer are associated with a number of non-communicable 
diseases including cardiovascular65 67 and metabolic conditions56 190-192 
independent of MVPA. A recent prospective study by van der Ploeg et al153 
examined death from all causes in over 222000 Australian adults and observed 
a positive association across four categories of self-reported daily sitting time. 
Several other prospective studies have also shown increases in the risk of all-
cause62 63 148 150 153 305 306  and cause specific62 70 148 152 154  mortality with 
increased sitting time, and changes in daily sitting time over a two year period 
have been shown to reflect changes in risk of death from all causes.151  
 
Although  sitting in all contexts can be broadly described as having the 
same behavioural or postural topography, it can serve many different functions 
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(e.g. sitting while watching TV or sitting at work) and can therefore be further 
classified by type.20 Different types of sitting have been demonstrated to have 
different correlates.30  Both epidemiological109 and experimental273 evidence 
suggests that interrupting prolonged periods of sitting may attenuate any 
potential harmful effects, highlighting the importance of pattern as well as 
duration of sitting. As discussed previously (3.8) Healy et al109 reported that 
independent of the total duration of sitting time, the number of interruptions or 
breaks in sitting time (1 minute or more at >100 accelerometer counts per 
minute) was beneficially associated with a number of cardiometabolic risk 
factors. Given that different sitting types occur in a variety of contexts and differ 
in duration and pattern,109 it is logical that they may also demonstrate differential 
associations with health outcomes, as evidenced by a number of 
epidemiological studies.68 190 191 128 163 
 
As discussed in chapter 1, a reduction in the environmental demands for 
physical activities due to technological advancement affecting transportation,  
the workplace and leisure time entertainment has led to an increasing  
prevalence of daily sitting in a range of contexts.26 For this reason a 
comprehensive understanding of the associations between health and both total 
sitting time and different sitting types is essential. However, no previous studies 
have sought to separately examine the associations between mortality risk and 
both total sitting and different sitting types in the same cohort. Such studies 
have either focussed on single common sitting behaviours such as TV 
viewing,53 55 70 154  screen time,55 67 or travelling in a car,153 or have only 
examined all types of sitting combined.149 152 153 305 306  
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This study aims to enhance the evidence base by drawing on 15 years of 
data from the Whitehall II cohort study to examine the type-specific associations 
of five different sitting indicators and risk for all-cause mortality, and mortality 
from both coronary heart disease and cardiovascular disease.  
 
5.1.2. Hypotheses 
Based on the current available evidence it is reasonable to hypothesise that: 
i. Time spent in indicators of sitting will each be positively associated 
with risk of mortality from all causes, from coronary heart disease, 
and from cardiovascular disease 
ii. These associations will be independent of time spent in moderate to 
vigorous intensity physical activity 
 
5.2. Methods 
5.2.1. Determination of Sedentary Behaviours and Mortality 
The five sedentary behaviour exposures were determined from Phase 5 
data as described previously (4.7.2). 
 
In the present analysis mortality was established through the national 
mortality register kept by the National Health Service (NHS) Central Registry, 
using the unique NHS identification number assigned to each British citizen. It is 
a requirement that this registry, subsequently part of the Office National 
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Statistics and as of 2013 part of the HM Passport Office (an agency of the 
Home Office), records all deaths before burial or cremation can take place. 
International classification of Disease (ICD) codes were used to identify CHD 
and CVD deaths (ICD-9, 390.0-458.9; ICD-10, 100-199).  
 
5.2.2. Covariates 
The sociodemographic covariates included in the current analysis were 
age, gender, ethnicity and employment grade. Ethnicity was classified as one of 
the following; Black-Caribbean, Black-African, Black-Other (open text option to 
specify), Indian, Pakistani, Bangladeshi, Chinese, White, or other (open text 
option to specify). Employment grade (3 levels: clerical and support, 
professional and executive, senior administrative) in the Whitehall II Study is a 
comprehensive marker of socioeconomic circumstance relating to social status, 
salary and level of responsibility307 For retired participants, their last reported 
employment grade was considered. Health related covariates included self-
rated health (reported as; excellent, very good, good, fair, or poor), smoking 
status (current, previous, or never a smoker), alcohol consumption, diet quality, 
body mass index (BMI) and physical functioning. Participants reported the 
number of ‘measures’ of spirits, ‘glasses’ of wine, and ‘pints’ of beer consumed 
in the previous seven days, and this was then converted to units  (1 unit=8g) of 
alcohol. Diet quality was represented by frequency of fruit and vegetable 
consumption and was assessed using an eight point scale ranging from: 1) 
“seldom or never”, to 8) “two or more portions per day”. Height (m) and weight 
(kg) were recorded during clinical examination and BMI calculated using a 
standard formula. To assess perceptions of physical functioning the SF-36 
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questionnaire was used and scored with the Medical Outcomes Study scoring 
system.308 The SF-36 assesses the extent to which participant’s health limits 
their ability to perform physical activities, ranging in intensity from vigorous 
(sporting and volitional exercise activities) to light (day-to-day tasks) using the 
responses “a lot”, “a little”, and “not at all”. Responses were scored, summed 
and transformed to scale from 0 (limited a lot in performing all types of physical 
activities) to 100 (able to perform all types of physical activity without limitation). 
This scale has been demonstrated to have high internal consistency. 309 
 
 
Physical activity covariates included daily walking time (minutes/day), 
and time spent in moderate to vigorous physical activity (hrs/wk). Physical 
activity was assessed at Phase 5 using a modified version of the Minnesota 
leisure-time physical activity questionnaire which assesses both occupational 
and leisure-time physical activities, and which has been validated previously.299 
Twenty items (including five open-text responses) assessed time spent 
engaged in walking, sports and games, gardening activities, housework and do-
it-yourself building/maintenance projects, in hours over the previous four week 
period. Each activity was subsequently assigned an energy expenditure value in 
metabolic equivalents (METs: where 1 MET is equal to energy expenditure at 
rest) using a compendium of activity energy expenditures.302  Moderate intensity 
activities were classified as those eliciting an energy expenditure of 3-5.9 METs 
and vigorous intensity activities from 6 METs and upwards. The energy 
expenditure of walking activity is dependent on walking pace and could 
therefore not be determined from the Phase 5 questionnaire. As a result, while 
in some instances walking may have met the required energy expenditure, for 
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the purposes of the present analysis walking did not contribute to the measure 
of MVPA but daily walking time (minutes per day) was included as a separate 
covariate. 
 
5.2.3. Statistical analyses 
Due to low numbers in the original eight response categories for sitting 
time, these were collapsed into four categories of as near equal numbers as the 
data would allow. Exact quartiles were not possible due to the non-normal 
distribution of the data. 
 
To examine mortality risk, firstly from all causes and then separately from 
coronary heart disease and cardiovascular disease, across categories of the 
five sitting indicators Cox proportional hazards models were fitted.310  Survival 
time was measured from the date of measurement at Phase 5 to death or the 
censor point (the earliest of the date of withdrawal from the study or 31st August 
2012). Hazard ratios and 95% confidence intervals were estimated for each 
sitting category with the lowest group (least time spent sitting) serving as the 
reference category.  The proportional hazards assumptions were checked using 
Schoenfeld residuals and Nelson-Aelen cumulative hazards plots for analyses 
of associations between five sitting indicators and the three mortality outcomes. 
The Schoenfeld residuals did not suggest evidence for any deviations from 
proportionality in any of the Cox models and this was consistent with 
observations from the Nelson-Aelen plots.  
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Cox models were initially adjusted for age, gender, employment grade 
and ethnicity (model 1) and subsequently for smoking status, alcohol 
consumption, fruit and vegetable consumption, BMI, walking time and MVPA 
(model 2). Wald chi-square tests were used to test for linear relationships in 
individual parameters and likelihood-ratio chi-square tests for non-linear 
relationships. Analyses were limited to those free from cardiovascular disease 
at Phase 5. 
 
To examine whether the associations between sitting indicators and 
mortality outcomes differed between a priori defined subgroups, interaction 
terms were fitted for each sitting indicator with gender, age (in ten year age 
groups), BMI (in categories according to WHO classifications of underweight, 
normal weight, overweight and obese),311 and physical activity (according to 
adherence to  the Department of Health guidelines  for MVPA).13  Likelihood-
ratio tests were used to determine whether each interaction term improved the 
fit of the models. 
 
To minimise the potential confounding effect of occult disease at 
baseline, analyses were repeated after additionally excluding those who died 
prior to Phase 6 (2001: 15278 person years of follow up excluded, and then 
Phase 7 (2003-04: 27808 person years of follow up excluded). In order to 
examine the possibility of bias due to differential loss from the original 1985 
cohort, baseline age, gender, employment grade, alcohol consumption and the 
likelihood of being obese and of being a current smoker were compared 
between those who did and those who did not respond to questionnaire items 
 
 
158 
 
relating to occupational and leisure time sitting behaviour. Pearson’s product-
moment correlations were used to examine the relationship between the five 
sitting indicators and weekly MVPA. Analyses were conducted in 2013 using 
STATA version 11.2.   
 
5.3. Results 
The final sample consisted of 5132 participants who had complete data 
for sitting time and all covariates, and were free from any cardiovascular or 
coronary heart disease at Phase 5. Sample characteristics are described in 
table 5.1. Compared to those in the current sample, those lost to follow-up 
between the study’s inception in 1985 and the Phase 5  were slightly older at 
date of screening (0.42 yrs; 95%CI 0.17, 0.67:  P=0.001) consumed slightly less 
alcohol 1.19 units/wk; 95%CI 0.64, 1.73: P <0.001) and had a greater likelihood 
of being male (OR 0.11; 95%CI 0.09, 0.13), obese (OR 0.04 95%CI 0.03, 0.05), 
and in a higher employment grade  (OR 0.05 95%CI 0.03, 0.07) in 1985. 
Inclusion in the current analysis was not associated with smoking behaviour in 
1985. A total of 385 deaths from all causes, 40 CHD deaths and 79 CVD deaths 
were recorded over 72338 person-years of follow-up (mean follow up time 14.1 
± 1.8yrs).  
 
There was very little evidence of a correlation between weekly MVPA 
with Work sitting (r=-0.15), TV viewing (r=0.02), Non-TV leisure time sitting (r=-
0.04), Leisure time sitting (r=0.38), and Total sitting (r=-0.09).  
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Hazard ratios and 95% confidence intervals for mortality risk are 
described in tables 5.2 (for all-cause mortality), 5.3 (for coronary heart disease 
mortality), and 5.4 (for cardiovascular disease mortality). Unadjusted mortality 
rates are also presented (per 1000 person years) for each mortality outcome in 
the corresponding tables. There were no associations between any of the five 
sitting indicators at Phase 5 and all-cause mortality risk over the follow up 
period in either model 1 or 2. There were also no associations with risk of 
coronary heart disease or cardiovascular disease mortality. In addition, no 
significant interaction effects were observed between the five sitting indicators 
and gender, age, adherence to public health guidelines for MVPA, or BMI 
classification.  
  
5.4. Discussion 
The present study tested the hypothesis that sitting time would predict 
mortality risk independently of moderate to vigorous intensity physical activity. 
This is the first study to separately examine the associations between mortality 
risk and five separate sitting indicators including total sitting time, work and 
leisure time sitting, and both TV viewing time and other sitting based leisure 
time activities.  Across 15 years of follow up there were no prospective 
associations observed between these five separate indicators of sitting time and 
mortality from all causes, CHD mortality or CVD mortality. 
 
The primary strength of this study is that it is the first to examine the 
associations between all-cause and cause specific mortality with five separate 
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indicators of sitting time in the same cohort. This is important  as evidence 
suggests that the pattern of sitting as well as the duration is an important factor 
in determining the magnitude of any health consequences,109 274  and that sitting 
in different contexts may be subject to different patterns and determinants.109   
 
The results of the current analysis are inconsistent with previous studies 
which have shown positive associations between all-cause mortality risk and TV 
viewing,53 55 67 70 154  sitting at work312  and total sitting time.62 149 150 153 305 306 As 
discussed previously (2.2.4) inaccuracies in reporting and subsequent 
misclassification of sitting, if non-differential, may attenuate any true 
associations towards the null so it is possible that this contributed to the null 
findings in the current analyses. Objective measures of sedentary behaviour 
that are currently used to quantify sitting time (by assuming that movement or 
heart rate values below a predetermined threshold represent sitting)are unable 
to differentiate between different types, and therefore self-report measures are 
required to provide contextual information. Previous studies examining the 
associations between sitting time and mortality have also employed self-report 
measures, and the questionnaire items used to construct the five sitting 
exposures in the present study have been validated previously303 and have also 
been used in a number of previous studies where significant associations 
between sitting time and health outcomes have been observed.190 191   
 
The absence of any evident association between sitting and risk of CVD 
and CHD mortality is also inconsistent with a number of previous prospective 
studies.55 70 149 152 In the current analyses 40 CHD deaths and 79 CVD deaths 
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were recorded. Previous studies examining associations between sitting time 
and cause specific mortality have recorded a far greater number of 
cardiovascular disease deaths  (373,55 4684,70 6369,152 and 148).149 It is 
possible that due to the relatively low number of CVD and CHD deaths in the 
current analyses the study did not have enough power to detect any 
associations between sitting time and CVD outcomes.  However, statistical 
power does not explain the absence of an association with all-cause mortality 
as previous studies55 150 have detected associations with a similar number of 
events.  
 
The volume of sitting time reported in the current sample is also lower 
than in a number of studies who have observed associations between sitting 
time and mortality.53 55 62 150 Seventy-three percent of the current sample would 
fall into the bottom tertile for TV viewing described by Wijndaele et al55 (<2.5 hrs 
per day) and only 7% in the top tertile (>3.6 hrs.day).  Koster et al150  also 
reported mean (SE) total daily sedentary time values for 4 sitting groups that 
are far higher than in the current study: 6.3 (1.0) for group 1 then, 8.2 (0.5), 9.6 
(0.5), and 12.2 (2.0), compared to 2.24 (0.92) for group 1 then, 4.79 (0.68), 6.72 
(0.51), 9.06 (1.25) in the current study. It is therefore possible that the volume of 
reported sitting time in the current study is insufficient to detect an association 
with mortality. However significant differences in mortality risk have been 
reported for as little as 1 hour differences in daily sitting,53 55 even at low sitting 
volumes such as those reported in the current study so an effect should still be 
evident even if the sample mean sitting time is relatively low. It must also be 
noted that Koster et al measured total sedentary time using accelerometers and 
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as discussed in chapter 2 (2.3.2) accelerometers measure movement rather 
than sitting specifically, with cut-points in movement data used to classify 
activity intensities. As behaviours such as standing involve very little movement 
this approach may lead to an inflated estimate of total sitting and therefore the 
true difference in total sitting time may not be quite so pronounced. 
 
While these findings are inconsistent with a number of previous studies 
the possibility of a degree of publication bias within the current literature must 
also be considered. A recent meta-analysis of studies examining associations 
between adult sedentary time and health outcomes reported evidence of 
significant publication bias in studies examining associations with diabetes27 
(Eggers test t=6.12, P≤0.001) and while no such analysis was possible for 
mortality outcomes due to the relatively low number of published studies it is 
possible that other unpublished null findings exist. 
 
The absence of any associations between sitting and mortality in the 
present analysis may also be attributed to a protective effect of the high 
volumes of daily walking reported in the Whitehall II cohort. The public transport 
infrastructure in London is such that London based employees are far likelier to 
stand (on buses and trains) or walk during their commute to work than in those 
residing in other areas of the country.313 This is reflected in the mean reported 
daily walking time for the current analysis group (42.68 ± 22.60 mins) which is 
over double the reported UK national average.314 In a study of over 40 thousand 
Japanese men and women, Fujita et al observed a significant inverse 
association between daily walking time and mortality risk over an 11 year follow-
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up period.315 A number of other large prospective cohort studies, with 
participants of similar ages to those in the current analyses, have also 
demonstrated that both habitual active transport ,316  and daily walking are 317 318 
inversely  associated with risk for mortality from all causes and from 
cardiovascular disease. 
 
In comparison with previous prospective studies the amount of MVPA 
reported in the present sample is also high. This is consistent with previous 
evidence that London based Civil Servants on average are more active than the 
age matched wider population.319 Recent experimental evidence has suggested 
that energy balance may be a significant factor in the association between 
sitting and metabolic health.274 It is therefore possible that the higher than 
average energy expenditure in the current study may offer a degree of 
protection from the deleterious effects of high volumes of sitting. However it 
must also be considered that the high volumes of MVPA reported in this sample 
may be due to either over-reporting for reasons of social desirability, or to the 
way responses were classified and coded within the study. For example 
participants were asked to quantify time spent in a number of activities which 
would be intermittent in nature (football/golf/other sporting activities). Although 
all time spent in engaged in these activities would be classified as moderate 
intensity or above (according to standard reference values for these particular 
activities), intensity will vary significantly throughout a given period. Therefore 
the amount of time spent at an intensity of moderate or above may be 
overestimated.  
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5.4.2. Strengths and limitations 
A strength of the current study is the examination of mortality in a large 
sample who were regularly assessed over a significant follow-up period.  Due to 
the comprehensive assessment of health behaviours it was possible to adjust 
for a broad range of potential confounding factors, notably alcohol consumption, 
smoking status, and frequency of fruit and vegetable consumption. Detailed 
information on habitual physical activity was essential in examining the central 
hypothesis that sitting time represents a risk factor which acts independently of 
MVPA. In the current study physical activity was assessed using 20 
questionnaire items which included open-text response options allowing the 
quantification of a broad range of individual activities. These activities were 
classified by intensity using reference MET values rather than self-reported 
exertion. In addition only one previous study has attempted to adjust for the 
potentially confounding effect of limitations in physical functioning.153 Such 
limitations due to chronic pain, injury or ill-health may alter an individual’s choice 
of leisure time activity or even job role which may therefore inflate their reported 
sitting time in a variety of contexts. 
 
A number of limitations must also be acknowledged. The Whitehall II 
study is an occupational cohort of white collar workers. While this has a number 
of practical and methodological benefits such as ease of follow-up and the 
broad socioeconomic range of the British Civil Service,307 it must be 
acknowledged that at baseline all participants were healthy enough to be in 
active employment which to some degree limits the ability to generalise the 
findings to the wider population. The use of a single industry sector may also 
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detract from the generalisability of these findings, although they remain relevant 
given the increasing proportion of workers in affluent societies employed in 
white-collar occupations.320   In the present sample, the clerical and office 
support grade (lowest socioeconomic group) was underrepresented, comprising 
only 11% of total participants with the senior administrative (highest) grade and 
the professional and executive grade contributing 46% and 43% respectively. 
Women are underrepresented in the British Civil Service compared to the 
general population and this is reflected in the current analyses where women 
comprised 28% of the sample. 
 
A degree of residual confounding must also be acknowledged.  The 
associations between mortality and different sitting behaviours, with their own 
correlates and determinants, will be influenced by a number of different 
confounding factors. The work sitting-mortality relationship may be affected not 
only by duration of sitting but also by commuting habits and the working 
environment,73 while the association with TV viewing may be influenced by the 
increased snacking behaviour often associated with high volumes of TV.242 321  
This potential source of confounding will be discussed in greater detail in 
chapter 7. Recent experimental evidence also suggests that a proportion of the 
unfavourable metabolic effects of prolonged sitting might be attributable to 
differences in energy balance.274 Such factors could not be accounted for in the 
present analysis. 
 
It is also possible that due to differential loss between 1985 and the 
phase five measurements in 1997 that a degree of bias may have influenced 
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the current findings. Those in the current sample were slightly younger, 
consumed less alcohol, were less likely to be obese and were more likely to be 
in a higher employment grade all of which may have reduced the overall 
mortality risk of the sample relative to those who were lost to follow-up. 
However the differences in these potential risk factors although statistically 
significant were, in absolute terms, relatively small (for example differences of 
less than 6 months in age, just over 1 unit per week of alcohol, and a 4% 
difference in obesity risk). In addition, inclusion in the current analysis was not 
associated with smoking, and was associated with a greater likelihood of being 
male which conversely would increase mortality risk. 
 
Although the examination of total sitting time remains important, as it is 
possible that people might compensate for frequent sitting in one domain by 
sitting less frequently in another,153  future research should continue to 
separately consider the individual effects, determinants, and confounding 
factors associated with sitting in different contexts. The use of self-report 
measures allows this kind of specific examination while current objective 
measures (accelerometry and heart rate monitoring) do not. However, issues 
arising from misclassification of self-reported sitting remain.  As discussed 
previously in (2.3.5) improvement in the technology of sedentary behaviour 
measurement will greatly aid the advancement of this field with machine-
learning and pattern recognition approaches allowing objective determination of 
postural, type and intensity components of sitting from raw acceleration data.141 
322 Frameworks such as the Sedentary Sphere (described previously)143 could 
potentially be applied to freeliving accelerometer data in order to provide 
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accurate estimates of sitting time which are free from problems associated with 
the both self-report of day to day health behaviours and the use of arbitrary data 
thresholds currently used to differentiate sitting from standing/walking. Further 
experimental evidence is also required to isolate the specific biological 
underpinnings of the previously observed negative effects of sitting, and to 
clarify which features of sitting (postural topography, type, energy balance), are 
important. Better definition and measurement of sitting as an exposure will allow 
a greater understanding of the associations with mortality risk and other health 
outcomes. 
 
5.4.3. Conclusions 
The current study is the first to examine the associations between 
mortality from all-causes, from CHD and from CVD, with five separate sitting 
time indicators. The results suggest that mortality risk is not associated with 
sitting time in this cohort. The findings may be due to in part to a protective 
effect of a higher than average energy expenditure due to the habitual active 
transport and associated with London based employees. Further research is 
needed to examine the effects of time spent engaged in different types of sitting 
on mortality risk.  
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Table 5.1.  Subject characteristics at baseline (Phase 5 1997-99). Data are mean (SD) 
   Sitting Group (Total from work and leisure time) 
  Whole sample 1 (n=1273) 2 (n=1384) 3 (n=1239) 4 (n=1236) 
Age (yrs) 55.49 (5.97) 58.00 (5.80) 57.00 (6.00) 54.00 (5.30) 53.00 (5.00) 
Male (%) 72.32 21.96 27.10 25.40 25.54 
Ethnicity White (%) 94.26 23.56 27.14 24.64 24.66 
 Non-White (%) 5.74 45.52 24.14 15.86 14.48 
BMI 25.72 (3.81) 25.63 (3.70) 25.64 (3.69) 25.56 (3.82) 26.02 (4.00) 
Waist Circumference (cm) 89.16 (11.44) 89 (12) 90 (11) 90 (11) 92 (12) 
Weight  (Kg) 77.41 (13.20) 75 (13) 77 (13) 78 (13) 79 (14) 
Walking (mins/d) 42.73 (22.59) 44.45 (24.77) 44.17 (22.53) 41.21 (21.23) 40.65 (21.31) 
MVPA (hrs/wk)  14.02 (11.82) 15.09 (12.73) 15.70 (13.00) 12.97 (10.36) 12.61 (10.59) 
Employment 
Grade (%) 
Administrative 46.05 18.81 26.58 27.22 27.39 
Prof/Executive 43.30 26.72 27.39 22.77 23.13 
Clerical/Support 10.64 43.23 26.90 16.33 13.54 
Alcohol consumption (units/wk) 13.92 (14.91) 12 (15) 13 (14) 14 (14) 16 (16) 
Smoking 
Status (%) 
Never 51.83 24.36 26.28 25.60 23.76 
Ex 38.16 24.59 28.62 23.32 23.47 
Current 10.01 27.95 24.12 19.69 28.15 
Self-rated 
health (%) 
Very Good 52.70 25.63 27.80 24.12 22.46 
Good 37.16 23.42 25.37 24.68 26.53 
Fair or Poor 10.14 25.58 28.46 22.31 23.65 
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Table 5.2. All-cause mortality risk according to categories of sitting behaviours between Phase 5 (1997-99) and August 31st 2012 
 Person yrs  (x1000) N/Deaths Rate/1000 person-yrs Model 1 HR (95% CI) Model 2 HR (95% CI) 
Work sitting (hrs/wk)     
≥0 & <8  18.64 1338/134 7.19 1 1 
≥8 & <25  15.74 1121/92 5.85 1.02 (0.78, 1.33) 1.00 (0.76, 1.31) 
≥25 & <40  20.45 1438/70 3.42 0.90 (0.65, 1.24) 0.90 (0.66, 1.25) 
≥40  14.82 1039/39 2.63 0.78 (0.52, 1.16) 0.77 (0.52, 1.14) 
Ptrend    0.57 0.57 
TV sitting (hrs/wk)     
≥0 & <8  6.97 491/30 4.30 1 1 
≥8  & <15  11.77 833/56 4.76 1.01 (0.65, 1.58) 0.88 (0.56 (1.38) 
≥15 & <16 17.98 1276/83 4.62 0.97 (0.64, 1.47) 0.88 (0.58, 1.35) 
≥16  14.08 1009/92 6.54 1.21 (0.80, 1.83) 1.02 (0.67, 1.56) 
Ptrend    0.49 0.73 
Non-TV Leisure Time  Sitting  (hrs/wk)     
≥0 & <4 11.36 803/52 4.58 1 1 
≥4  & <9  12.95 917/66 5.10 1.04 (0.72, 1.50) 1.09 (0.76, 1.57) 
≥9 & <16  11.83 840/64 5.41 1.10 (0.76, 1.59) 1.12 (0.77, 1.62) 
≥16  11.75 835/60 5.11 0.97 (0.67, 1.42) 0.92 (0.63, 1.34) 
Ptrend    0.92 0.70 
Leisure Time Sitting (hrs/wk)     
≥0 & <15  19.88 1400/81 4.07 1 1 
≥15  & <18  16.29 1154/72 4.42 1.11 (0.80, 1.52) 1.09 (0.79, 1.50) 
≥18 & <26  18.08 1282/82 4.54 1.04 (0.77, 1.42) 1.03 (0.75, 1.40) 
≥26   16.89 1211/117 6.93 1.37 (1.03, 1.83) 1.26 (0.94, 1.69) 
Ptrend    0.12 0.37 
Total sitting  (hrs/wk)     
≥0 & <26  17.81 1273/116 6.51 1 1 
≥26 & <41  19.38 1384/119 6.14 1.07 (0.83, 1.38) 1.11 (0.86, 1.44) 
≥41 & <55  17.66 1239/54 3.06 0.74 (0.53, 1.03) 0.74 (0.53, 1.03) 
≥55   17.48 1236/69 3.95 1.04 (0.76, 1.43) 0.97 (0.70, 1.33) 
Ptrend    0.14 0.12 
Model 1 adjusted for age, gender, employment grade and ethnicity. Model 2 additionally adjusted for smoking status, alcohol consumption, fruit and vegetable 
consumption, BMI, walking time and MVPA. Bold typeface = statistically significant P≤0.05 
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Table 5.3. Coronary heart disease mortality risk according to categories of sitting behaviours between Phase 5 (1997-99) and August 31st 2012 
 Person yrs  (x1000) N/Deaths Rate/1000 person-yrs Model 1 HR (95% CI) Model 2 HR (95% CI) 
Work sitting (hrs/wk)     
≥0 & <8  18.64 1338/16 0.86 1 1 
≥8 & <25  15.74 1121/13 0.83 1.22 (0.58, 2.57) 1.23 (0.58, 2.59) 
≥25 & <40  20.45 1438/6 0.29 0.74 (0.27, 2.06) 0.71 (0.26, 1.95) 
≥40  14.82 1039/4 0.27 0.85 (0.25, 2.85) 0.81 (0.25, 2.68) 
Ptrend    0.79 0.74 
TV sitting (hrs/wk)     
≥0 & <8  6.97 491/5 0.72 1 1 
≥8  & <15  11.77 833/4 0.34 0.44 (0.12, 1.64) 0.42 (0.11, 1.60) 
≥15 & <16 17.98 1276/7 0.39 0.50 (0.16, 1.60) 0.53 (0.16, 1.75) 
≥16  14.08 1009/13 0.92 1.03 (0.36, 2.93)  0.99 (0.33, 2.92) 
Ptrend    0.27 0.31 
Non-TV Leisure Time  Sitting  (hrs/wk)     
≥0 & <4 11.36 803/5 0.48 1 1 
≥4  & <9  12.95 917/4 0.34 0.88 (0.25, 3.06) 0.91 (0.26, 3.18) 
≥9 & <16  11.83 840/6 0.54 1.38 (0.43, 4.39) 1.34 (0.42, 4.33) 
≥16  11.75 835/7 0.66 1.30 (0.41, 4.14) 1.14 (0.35, 3.73) 
Ptrend    0.86 0.92 
Leisure Time Sitting (hrs/wk)     
≥0 & <15  19.88 1400/8 0.40 1 1 
≥15  & <18  16.29 1154/10 0.61 1.68 (0.66, 4.29) 1.69 (0.66, 4.35) 
≥18 & <26  18.08 1282/8 0.44 1.16 (0.43, 3.11) 1.16 (0.43, 3.16) 
≥26   16.89 1211/15 0.89 1.87 (0.77, 4.54) 1.83 (0.74, 4.53) 
Ptrend    0.46 0.50 
Total sitting  (hrs/wk)     
≥0 & <26  17.81 1273/12 0.67 1 1 
≥26 & <41  19.38 1384/16 0.83 1.55 (0.73, 3.32) 1.65 (0.76, 3.58) 
≥41 & <55  17.66 1239/4 0.23 0.66 (0.20, 2.12) 0.67 (0.21, 2.19) 
≥55   17.48 1236/8 0.46 1.46 (0.56, 3.81) 1.35 (0.51, 3.56) 
Ptrend    0.37 0.34 
Model 1 adjusted for age, gender, employment grade and ethnicity. Model 2 additionally adjusted for smoking status, alcohol consumption, fruit and vegetable 
consumption, BMI, walking time and MVPA. Bold typeface = statistically significant P≤0.05 
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Table 5.4. Cardiovascular disease mortality risk according to categories of sitting behaviours between Phase 5 (1997-99) and August 31st 2012 
 Person yrs  (x1000) N/Deaths Rate/1000 person-yrs Model 1 HR (95% CI) Model 2 HR (95% CI) 
Work sitting (hrs/wk)     
≥0 & <8  18.64 1338/34 1.82 1 1 
≥8 & <25  15.74 1121/22 1.40 1.00 (0.58, 1.73) 0.98 (0.57, 1.70) 
≥25 & <40  20.45 1438/11 0.54 0.63 (0.30, 1.31) 0.64 (0.30, 1.34) 
≥40  14.82 1039/6 0.41 0.58 (0.22, 0.48) 0.58 (0.23, 1.47) 
Ptrend    0.46 0.50 
TV sitting (hrs/wk)     
≥0 & <8  6.97 491/10 1.43 1 1 
≥8  & <15  11.77 833/9 0.76 0.50 (0.20, 1.24) 0.43 (0.17, 1.08) 
≥15 & <16 17.98 1276/15 0.83 0.55 (0.25, 1.23) 0.46 (0.20, 1.06) 
≥16  14.08 1009/23 1.63 0.90 (0.43, 1.92) 0.71 (0.32, 1.55) 
Ptrend    0.21 0.18 
Non-TV Leisure Time  Sitting  (hrs/wk)     
≥0 & <4 11.36 803/15 1.45 1 1 
≥4  & <9  12.95 917/11 0.93 0.72 (0.34, 1.50) 0.75 (0.36, 1.57) 
≥9 & <16  11.83 840/12 1.08 0.80 (0.38, 1.68) 0.79 (0.37, 1.66) 
≥16  11.75 835/9 0.84 0.60 (0.27, 1.33) 0.56 (0.25, 1.26) 
Ptrend    0.63 0.57 
Leisure Time Sitting (hrs/wk)     
≥0 & <15  19.88 1400/22 1.11 1 1 
≥15  & <18  16.29 1154/16 0.98 0.97 (0.51, 1.86) 0.89 (0.46, 1.71) 
≥18 & <26  18.08 1282/17 0.94 0.86 (0.45, 1.63) 0.76 (0.40, 1.45) 
≥26   16.89 1211/25 1.48 1.13 (0.63, 2.04) 0.96 (0.53, 1.76) 
Ptrend    0.86 0.84 
Total sitting  (hrs/wk)     
≥0 & <26  17.81 1273/31 1.74 1 1 
≥26 & <41  19.38 1384/27 1.39 1.01 (0.60, 1.70) 1.02 (0.60, 1.74) 
≥41 & <55  17.66 1239/10 0.57 0.62 (0.29, 1.30) 0.61 (0.29, 1.28) 
≥55   17.48 1236/11 0.63 0.76 (0.37, 1.57) 0.68 (0.33, 1.41 
Ptrend    0.54 0.42 
Model 1 adjusted for age, gender, employment grade and ethnicity. Model 2 additionally adjusted for smoking status, alcohol consumption, fruit and vegetable 
consumption, BMI, walking time and MVPA. Bold typeface = statistically significant P≤0.05 
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Chapter 6 
Sedentary behaviour and cardiovascular disease risk 
6.1. Introduction 
Cardiovascular disease (CVD) is a group of disorders including coronary 
heart disease (CHD), cerebrovascular disease, and diseases of the central and 
peripheral vasculature which are commonly associated with the development of 
atheroma and thrombosis, causing narrowing and blockages of blood 
vessels.323  Functioning endothelial cells resist thrombosis by releasing anti-
clotting factors and platelet inhibitors. They also help regulate blood flow by 
secreting vasodilators and they inhibit the proliferation of smooth muscle 
cells.324 Injury to the endothelial cells comprising the intima of blood vessels 
caused by elevated blood glucose or blood pressure leads to the accumulation 
of molecules at the injury site. The intima enlarges due to accumulation of lipids 
and the proliferation of smooth muscle cells. Monocytes adhere to the 
endothelium and cross into the media layer (becoming macrophages) where 
they ingest oxidised lipid molecules. Macrophages and smooth muscle cells 
continue to proliferate, the latter producing collagen which increase the bulk of 
the lesion and further reduce blood flow. Lesions can also become calcified 
which reduce arterial elasticity. Symptoms usually begin when a lesion restricts 
blood flow and oxygen delivery by around 45%, a clinical horizon after which the 
disease progression begins to limit normal functioning.324 Complications of 
atherosclerosis can also derive from sudden events such as the rupture of 
vulnerable plaques causing thrombus formation which can lead to heart attack 
or stroke. Arteries weakened by atherosclerosis are also susceptible to rupture.  
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Such conditions accounted for 17.5 of the 58 million all-cause deaths worldwide 
in 2005, three times more than were caused by infectious diseases such as 
HIV/AIDS tuberculosis and malaria combined.283  In 2010, CVD led to nearly 
180 thousand deaths in England accounting for 34% of total mortality.325 
Moreover, it is estimated that 2.3 million men and 2.3 million women in the 
United Kingdom are currently living with CVD325 reportedly costing the UK 
economy £30 billion annually.326  
 
The association between physical activity and CVD was first highlighted 
in the 1950’s when Professor Jerry Morris observed a two-fold increase in the 
risk of myocardial infarction in London bus drivers compared to bus conductors 
whose occupational physical activity was far greater.4 Since such early 
observations moderate to vigorous physical activity (MVPA) has been 
repeatedly demonstrated to reduce cardiovascular risk327 and to benefit a range 
of disease markers in people on all stages of the atherogenic pathway.328 The 
last 10 years has also seen the examination of associations between sitting 
time and a number of cardiovascular outcomes, independent of MVPA. 
 
While there is evidence for positive associations between time spent 
sitting and cardiovascular mortality,55 62 70 148 154 relationships between sitting 
and CVD incidence is less clear and requires further research attention.27 329 
With more people surviving myocardial infarctions (death rates from 
cardiovascular incidents in England have halved since 2002)325 it is important to 
examine associations between sitting and  cardiovascular disease morbidity as 
well as mortality. To date only six prospective studies have examined 
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associations between indicators of sitting time and incidence of CVD.65 67 164-167 
Three of these studies focussed solely on TV viewing or screen-based leisure-
time entertainment and have observed significant positive associations with risk 
for cardiovascular events that are independent of MVPA.65 67 164In a study of 
4512 Scottish adults, Stamatakis et al67 observed an odds ratio of 2.30 (95% CI 
1.33, 3.96) for cardiovascular events for those who reported more than 4 hours 
per day of screen time, relative to those who reported less than 2 hours per day.   
 
As discussed previously indicators such as TV viewing or screen time, 
while representing a prevalent leisure-time sedentary behaviour have been 
found to be a poor indicator of total sitting time.72 The three studies which have 
examined total sitting time from all domains165-167 have reported mixed results. 
Over approximately 233000 person years of follow up Manson et al166 observed 
an odds ratio for cardiovascular events of 1.68 (95%CI 1.07, 2.64) for women 
who reported sitting  for longer than 16 hrs per day compared to those who sat 
for less than 4 hrs per day. These analyses were adjusted for age and leisure-
time energy expenditure only. The omission of a range of potentially important 
covariates allows for the possibility of a degree of residual confounding.  
Chomistek et al167 observed a significant increase in risk for cardiac events in 
those sitting for >10 hrs/day compared to those who sit for <5hrs/day following 
adjustment for a broad range of covariates.  Conversely, in a recent analysis of 
10 years of data from the Australian Longitudinal Study on Women’s Health 
(ALSWH), Herber-Gast et al165 observed no associations between self-reported 
total sitting time and CVD incidence following adjustment for covariates 
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including age, education, smoking, alcohol consumption, smoking status, 
physical activity and BMI.165  
 
Due to the increasing prevalence283 323 and therefore disease burden of 
cardiovascular disease283 326 a comprehensive understanding of its potential 
determinants including sitting behaviours is essential. As discussed previously 
(chapter 2) sitting may occur in a range of occupational and leisure time 
contexts and may be subject to different influences, which will dictate the 
duration and pattern of the behaviour. As evidence suggests that the pattern of 
sitting behaviour may determine the magnitude of any deleterious effects on 
health markers109 273 again it follows that sitting in different contexts may have 
differential associations with health outcomes120 163 190 191 including CVD and 
should be examined separately.  However, no previous studies have sought to 
separately examine the associations between cardiovascular disease incidence 
and both total sitting time and different sitting types in the same cohort.  
 
This study aims to enhance the evidence base by drawing on 15 years of 
data from the Whitehall II cohort study to examine the type-specific associations 
of five different sitting indicators and risk for incident cardiovascular disease. 
 
6.1.2. Hypotheses 
Based on the current available evidence it is reasonable to hypothesise that: 
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i. Each of the five indicators of sitting time will be positively associated 
with cardiovascular disease incidence 
ii. These associations will be independent of time spent in moderate to 
vigorous physical activity  
 
6.2. Methods 
6.2.1. Determination of sedentary behaviours and cardiovascular disease  
The five sedentary behaviour exposures were determined from Phase 5 data as 
described previously (4.7). 
 
Incident cardiovascular disease (hereafter to be described as 
cardiovascular events) comprised coronary death, first non-fatal myocardial 
infarction (MI) or first definite angina. Deaths from cardiovascular disease and 
coronary heart disease were determined using International Classification of 
Disease (ICD) codes (ICD-9, 390.0-458.9; ICD-10, 100-199), recorded on death 
certificates. Non-fatal MI was defined using the World Health Organisation 
(WHO) MONICA project criteria330 and ascertained using data from 5 yearly 
resting electrocardiograms (ECGs) recorded as part of the Whitehall II study 
clinical examinations, and from ECGs and cardiac enzyme levels obtained from 
records during hospitalisation for acute MI. Definite angina was defined by 
clinical records, ECG abnormalities or coronary angiogram and nitrate 
medication use, but excluded  self-reports which were not clinically verified. 
Three separate analyses examined associations between sitting and: 1) all 
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incident cardiovascular events, 2) fatal CHD and non-fatal incident MI, and 3) 
fatal CHD and incident non-fatal MI including self-reported MI. 
 
6.2.2. Covariates 
The sociodemographic covariates included in the current analysis were 
age, gender, ethnicity and employment grade. Employment grade (3 levels: 
clerical and support, professional and executive, senior administrative) in the 
Whitehall II Study is a comprehensive marker of socioeconomic circumstance 
relating to social status, salary and level of responsibility307 For retired 
participants, their last reported employment grade was considered. Health 
related covariates included self-rated health (reported as; excellent, very good, 
good, fair, or poor), smoking status (current, previous, or never a smoker), 
alcohol consumption, diet quality, body mass index (BMI) and physical 
functioning. Participants reported the number of ‘measures’ of spirits, ‘glasses’ 
of wine, and ‘pints’ of beer consumed in the previous seven days, and this was 
then converted to units  (1 unit = 8g) of alcohol. Diet quality was represented by 
frequency of fruit and vegetable consumption and was assessed using an eight 
point scale ranging from: 1) “seldom or never”, to 8) “two or more portions per 
day”. Height (m) and weight (kg) were recorded during clinical examination and 
BMI calculated using a standard formula.  To assess perceptions of physical 
functioning the SF-36 questionnaire was used and scored with the Medical 
Outcomes Study scoring system.308 The SF-36 assesses the extent to which 
participant’s health limits their ability to perform physical activities, ranging in 
intensity from vigorous (sporting and volitional exercise activities) to light (day-to 
–day tasks) using the responses “a lot”, “a little”, and “not at all”. Responses 
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were scored, summed and transformed to scale from 0 (limited a lot in 
performing all types of physical activities) to 100 (able to perform all types of 
physical activity without limitation). This scale has been demonstrated to have 
high internal consistency. 309 
 
Physical activity covariates included daily walking time (minutes/day), 
and time spent in moderate to vigorous physical activity (hrs/wk). Physical 
activity was assessed using a modified version of the Minnesota leisure-time 
physical activity questionnaire which assesses both occupational and leisure-
time physical activities, and which has been validated previously.299 Twenty 
items (including 5 open-text responses) assessed time spent engaged in 
walking, sports and games, gardening activities, housework and do-it-yourself 
building/maintenance projects, in hours over the previous four week period. 
Each activity was subsequently assigned an energy expenditure value in 
metabolic equivalents (METs: where 1 MET is equal to energy expenditure at 
rest) using a compendium of activity energy expenditures.302  Moderate intensity 
activities were classified as those eliciting an energy expenditure of 3-5.9 METs 
and vigorous intensity activities from 6 METs and upwards. The energy 
expenditure of walking activity is dependent on walking pace and could 
therefore not be determined from the Phase 5 questionnaire. As a result, while 
in some instances walking may have met the required energy expenditure, for 
the purposes of the present analysis walking did not contribute to the measure 
of MVPA but daily walking time (minutes per day) was included as a separate 
covariate. 
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6.2.3. Statistical analyses 
Due to low numbers in the original eight response categories for sitting 
time, these were collapsed into four categories of as near equal numbers as the 
data would allow. Exact quartiles were not possible due to the non-normal 
distribution of the data. 
 
To examine cardiovascular disease risk, across categories of the five 
sitting indicators Cox proportional hazards models were fitted.310  Survival time 
was measured from the date of measurement at Phase 5 to the date of a 
cardiovascular event or the censor point (the earliest of the date of withdrawal 
from the study or the Phase 9 assessment in 2009. Hazard ratios and 95% 
confidence intervals were estimated for each sitting category with the lowest 
group serving as the reference category.  The proportional hazards 
assumptions were checked using Schoenfeld residuals and Nelson-Aelen 
cumulative hazards plots for analyses of associations between five sitting 
indicators and the three mortality outcomes. The Schoenfeld residuals did not 
suggest evidence for any deviations from proportionality in any of the Cox 
models and this was consistent with observations from the Nelson-Aelen plots.  
 
Cox models were initially adjusted for age, gender, employment grade 
and ethnicity (model 1) and subsequently for smoking status, alcohol 
consumption, physical functioning, fruit and vegetable consumption, BMI, 
walking time and MVPA (model 2). Wald chi-square tests were used to test for 
linear relationships in individual parameters and likelihood-ratio chi-square tests 
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for non-linear relationships. Analyses were limited to those free from 
cardiovascular disease at Phase 5. 
 
To examine whether the associations between sitting indicators and 
incident cardiovascular disease outcomes differed between a priori defined 
subgroups, interaction terms were fitted for each sitting indicator with gender, 
age (in ten year age groups), BMI (in categories according to WHO 
classifications of underweight, normal weight, overweight and obese),311 and 
physical activity (according to adherence to  the Department of Health 
guidelines  for MVPA).13  Likelihood-ratio tests were used to determine whether 
each interaction term improved the fit of the models. 
 
To minimise the potential confounding effect of occult disease at 
baseline, analyses were repeated after additionally excluding those who 
suffered cardiovascular events  prior to Phase 6 (2001: 14892.8  person years 
of follow up excluded), and then Phase 7 (2003-04: 26707.05 person years of 
follow up excluded).  In order to examine the possibility of bias due to 
differential loss from the original 1985 cohort, baseline age, gender, 
employment grade, alcohol consumption and the likelihood of being obese and 
of being a current smoker were compared between those who did and those 
who did not respond to questionnaire items relating to occupational and leisure 
time sitting behaviour. Pearson’s product-moment correlations were used to 
examine the relationship between the five sitting indicators and weekly MVPA.  
Analyses were conducted in 2013 using STATA version 11.2. 
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6.3. Results 
The final sample consisted of 5132 participants who had complete data 
for sitting time and all covariates, and were free from any cardiovascular or 
coronary heart disease at Phase 5. Sample characteristics are described in 
table 6.1. A total of 343 cardiovascular events of any type were recorded over 
55567.61 person-years of follow-up (mean follow up time 10.83 ± 2.46yrs). This 
included 135 cases of either fatal CVD or non-fatal MI (123 with the exclusion of 
self-reported cases). Compared to those who completed questionnaire items 
related to sitting at Phase 5, those lost to follow-up between the studies 
inception in 1985 and the Phase 5  were slightly older at date of screening (0.42 
yrs; 95%CI 0.17, 0.67: p=0.001) consumed slightly less alcohol 1.19 units/wk; 
95%CI 0.64, 1.73: p<0.001) and had a greater likelihood of being male (OR 
0.11; 95%CI 0.09, 0.13), obese (OR 0.04 95%CI 0.03, 0.05), and in a higher 
employment grade  (OR 0.05 95%CI 0.03, 0.07) in 1985. Inclusion in the current 
analysis was not associated with smoking behaviour in 1985. There was very 
little evidence of a correlation between weekly MVPA with Work sitting (r=-0.15), 
TV viewing (r=0.02), Non-TV leisure time sitting (r=-0.04), Leisure time sitting 
(r=0.38), and Total sitting (r=-0.09). 
 
Hazard ratios and 95% confidence intervals for incident cardiovascular 
risk are described in tables 6.2 (for any cardiovascular event), 6.3 (for fatal CVD 
and non-fatal MI), and 6.4 (for fatal CVD and non-fatal MI including self-reported 
cases). Unadjusted incidence rates are also presented (per 1000 person years) 
for each of the three cardiovascular outcomes in the corresponding tables. 
There were no associations between any of the five sitting indicators at Phase 5 
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and all risk for any cardiovascular disease event over the follow up period in 
either model 1 or 2. There were also no associations with risk of fatal CVD or 
non-fatal MI either including or excluding self-reported cases. In addition, no 
significant interaction effects were observed between the five sitting indicators 
and gender, age, adherence to public health guidelines for MVPA, or BMI 
classification.  
 
6.4. Discussion 
These analyses tested the hypothesis that sitting time would predict risk 
of incident cardiovascular events, including cardiovascular death first non-fatal 
MI and first angina episode, independently of moderate to vigorous intensity 
physical activity. This is the first study to examine associations between incident 
CVD and both total and type specific sitting time.  Over 10 years of follow up 
there were no prospective associations observed between five separate 
indicators of sitting time and incident cardiovascular disease. 
 
Previous prospective studies examining associations between indicators 
of sitting time and incident CVD risk have reported mixed results. Three 
previous studies have examined the associations between total self-reported 
sitting time and incident CVD. Chomistek et al167 observed a significant increase 
in risk of cardiac events in participants who reported sitting for greater than 10 
hrs per day compared to those who sit for less than five hours per day. 
Similarly, Manson et al reported that sitting for 16 hrs per day or more increased 
CVD risk by 68% compared with sitting for less than 4 hrs per day, while the 
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study by Herber-Gast et al observed no association. The current analyses 
accounts for a range of important covariates including age, socioeconomic 
status, ethnicity, smoking status, weekly alcohol consumption, BMI, physical 
activity and fruit and vegetable intake, all of which could potentially confound 
the association between sitting time and CVD incidence. Manson et al adjusted 
only for age and leisure-time physical activity. By not accounting for other 
factors which may be associated with both sitting and CVD it is possible that the 
observed associations may be due to residual confounding. For example if 
sitting time was socially patterned the apparent association between sitting and 
CVD may simply reflect the social gradient in CVD incidence. It is also important 
to note that in the studies by both Chmoistek et al and Manson et al, while the 
risk of CVD for those in the highest sitting group (who sat more than 10 hrs and 
16hrs per day respectively) was significantly greater than the reference group 
(who sat less than 5 hrs and 4 hrs per day respectively), no other durations of 
sitting were associated with an increase in risk of CVD. 
 
In addition the sitting time values reported in the current analyses and 
those by Herber-Gast et al are lower than those reported by Manson et al, 
Cholmistek et al and in some other study populations where associations 
between sitting and cardiovascular health outcomes have been observed.53 62 
150 The mean total sitting time was 5.6 ± 2.63 hrs per day (5.4 ± 2.6 hrs per day 
in Herber-Gast et al) and the mean for the highest sitting group only 9.05 ± 1.25 
hrs per day. It is therefore possible that in both these studies reported volume of 
sitting time was insufficient to detect an association with cardiovascular disease 
risk in the current cohort during the follow-up period. It is also possible that the 
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durations of periods of sitting were shorter in the current study and that an 
association with CVD incidence is only associated with extended periods of 
sitting. This may also explain the contrast between the current analysis and the 
three prospective studies which have demonstrated significant positive 
associations between self-reported television viewing65 164 and screen time67 
with risk of cardiovascular events as it would also appear that the current 
sample reportedly watched less TV than in these studies.65 
 
It is also possible that the relatively low number of CVD events in the 
current analysis, particularly in analysis of non-fatal MI only, prevented the 
detection of an association with any of the sitting indicators. However the study 
by Herber-Gast et al observed fewer events (in a larger sample, over a similar 
follow-up period, in participants of a similar age) and had power enough to 
detect a minimum relative risk of 1.17165 which is far smaller than that observed  
in studies of sitting and cardiovascular mortality.55 62 
 
Another possible reason for the absence of an association between any 
of the 5 sitting indicators and risk for cardiovascular events are the high levels 
of walking reported by the current sample. As discussed previously, the public 
transport infrastructure in central London coupled with traffic congestion and the 
absence of parking for employees working in area such as Whitehall, mean that  
people are more likely to walk or stand (on buses and trains, or to and from 
stations and bus stops) than those residing outside of London.313 This is 
reflected by the reported daily walking time  which, in the current sample, is 
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more than twice the reported national average reported in the UK time use 
survey.314  
 
The study by Manson et al166 demonstrated significant negative 
associations between both total weekly energy expenditure from walking and 
walking pace with risk for cardiovascular events following adjustment for age, 
smoking status, ethnicity, level of education, annual household income, BMI, 
waist circumference, waist-to-hip ratio, alcohol intake, family history of heart 
disease and a number of dietary covariates including fat, fibre and fruit and 
vegetable intake. 166 Observation studies have consistently demonstrated a 
protective effect of walking against cardiovascular disease331 and 
cardiovascular risk factors.332 It is therefore possible that a protective effect of 
high levels of walking reported by the current sample may have counteracted 
against any increased cardiovascular risk attributable to sitting time. If the whole 
sample has a high residual level of walking then statistical adjustment for 
walking cannot address this possibility. 
 
6.4.2. Strengths and limitations 
In the current study the associations between an objective measure of 
CVD incidence and sitting time were examined in a large sample who were 
regularly assessed over a decade.  As discussed, the richness and breadth of 
information on health behaviours available from the Whitehall II questionnaire 
allowed adjustment for a broad range of potential confounding factors. The 
independent nature of the associations between sitting time and MVPA with 
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CVD risk was a central question for the current analysis and this necessitated 
detailed information on habitual physical activity. As discussed previously, the 
questionnaire items employed in the Whitehall II study allowed comprehensive 
assessment of a broad range of physical activities using reference energy 
expenditure values rather than self-reported exertion.  
 
A number of limitations must also be acknowledged. The Whitehall II 
study is an occupational cohort of white collar workers. As such, not only are all 
participants healthy enough to be in active employment but the use of a single 
industry sector, albeit one that includes a broad socioeconomic range,307  limits 
the ability to generalise the findings to the general population. However, present 
findings remain relevant given the increasing proportion of workers in affluent 
societies employed in white-collar occupations.320  As per the previous chapter 
it is also necessary to mention the underrepresentation of the lowest 
employment grade in the current sample and also that the relatively small 
proportion of women relative to men working in the British Civil Service is 
reflected in these analyses. 
 
The use of self-report measures is an important feature of these 
analyses as they provide the contextual information necessary to examine 
different sitting types (work sitting versus TV viewing or non-TV leisure time 
sitting) which is not possible when using objective device-based measures such 
as accelerometers. Nevertheless any self-report measure of sitting may 
introduce bias if measurement error is related to the outcome or to membership 
of any particular population subgroup. In the current analysis it is likely that 
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measurement error was random and any resulting misclassification of sitting 
time would be non-differential and would simply lead to an underestimation of 
any association with CVD. However, as discussed the questionnaire items 
pertaining to sitting time have been validated303 and used previously in studies 
where positive associations have  been observed between sitting and health 
outcomes.190 191 As discussed previously (3.8), it has been postulated that the 
pattern of sitting (in terms of the number of breaks or interruptions in a given 
period) might be an important factor in determining the magnitude of 
associations with health outcomes. It is therefore important to acknowledge that 
the wording of the questionnaire items related to sitting behaviour in the 
Whitehall II study does not allow for identification of the duration of individual 
periods of sitting. Therefore if it is only prolonged periods of sitting that infer a 
risk to health then the current classification may mask important associations.  
 
Again it must be acknowledged that a degree of residual confounding 
may have contributed to the null findings in these analyses. The associations 
between sitting time and health outcomes may be influenced by environmental 
factors associated with the specific sitting activity and the context in which it 
occurs. These specific factors, such as back pain caused by poor desk set-up 
or the influence of food advertising on TV, which may confound associations 
with health outcomes, could not be accounted for in the current analyses. In 
addition, while the current analyses are adjusted for frequency of fruit and 
vegetable intake, a comprehensive account of diet and energy balance could 
not be made. As differences in energy balance may be an important factor in 
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the associations between sitting time and health markers109 273 it is possible that 
the omission of such a measure from these analyses is significant.    
  
As discussed in the previous chapter, it is also possible that due to 
differences in baseline characteristics between those who completed 
questionnaire items on sitting behaviour at Phase 5 and those who dropped out 
prior to Phase 5 that a degree of bias may have influenced the current findings, 
i.e. the current sample may have been disproportionally healthy compared to 
the original cohort. However, these baseline differences although statistically 
significant were, in absolute terms, relatively small. In addition not all of the 
observed significant baseline differences would logically indicate a reduced risk 
of CVD incidence.  
 
6.5. Conclusions 
In the Whitehall II cohort the volume of sitting overall or in specific types 
of sitting was not associated with incident CVD mortality or morbidity.  
Evidence for an association between sitting time and incident cardiovascular 
disease is limited. Existing studies have either focussed on TV viewing or 
screen time or have provided weak or no evidence for an association between 
total sitting and CVD risk. The current study is the first to examine the 
relationship between five separate sitting time indicators and cardiovascular 
disease incidence. The findings may be due to in part to a protective effect of a 
higher than average energy expenditure due to the habitual active transport and 
associated with working in central London. It is also possible that the volume of 
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recorded sitting in the present sample is insufficient to detect an effect of sitting 
on CVD risk.  Finally it is possible that only certain patterns of sitting are 
associated with CVD risk and future studies should develop measures that can 
quantify both volume and pattern of sitting.  
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Table 6.1.Subject characteristics at baseline (Phase 5 1997-99). Data are mean (SD) 
  Whole sample Sitting Group (Total from work and leisure time) 
   1 2 3 4 
n (cases)  4698 (323) 1120  (88) 1245  (96) 1665    (72) 1168 (67) 
Age (yrs) 55.40 (5.96) 58.00 (5.8) 57 (6.10) 54 (5.30) 53 (5.00) 
Male (%) 73.03  21.31  26.61  25.82  26.26  
BMI 25.92 (3.89) 26 (3.80) 26 (3.60) 26 (3.80) 26 (4.00) 
Waist Circumference (cm) 89.16 (11.45) 87 (12.00) 88 (11.00) 88 (11.00) 89 (12.00) 
Weight  (Kg) 77.41 (13.21) 75.00 (13.00) 77.00 (13.00) 78.00 (13.00) 79 (14.00) 
Walking (mins/d) 46.70 (36.06) 44.91 (24.87) 44.59 (22.53) 41.50 (21.52) 40.55 (21.03) 
MVPA (hrs/wk)  14.26 (11.90) 15.31 (12.97) 15.95 (13.01) 13.09 (10.39) 12.75 (10.71) 
Employment 
Grade (%) 
Administrative 46.64  17.89  26.38  27.70  28.02  
Prof/Executive 43.10  25.73  26.77  23.56  23.95  
Clerical/Support 10.26  42.95  25.93  16.80  14.32  
Alcohol consumption 
(units/wk) 
13.91 (14.78) 12.00 (15.00) 14.00 (14.00) 14.00 (14.00) 16 (16.00) 
Smoking 
Status (%) 
Never 52.53  23.46  25.77  26.22  24.55  
Ex 38.17  23.70  28.28  24.09  23.93  
Current 9.30  26.54  23.34  19.68  30.43  
Self-rated 
health (%) 
Very Good 53.07  24.87  27.56  24.71  22.86  
Good 37.25  22.40  24.97  25.23  27.37  
Fair or Poor 9.68  23.74  26.59  23.52  26.15  
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Table 6.2.  Risk of any cardiovascular events according to categories of sitting behaviours between Phase 5 (1997-99) and Phase 9 (2008-09) 
 Person yrs  (x1000) N/Events Rate/1000 person-yrs Model 1 HR (95% CI) Model 2 HR (95% CI) 
Work sitting (hrs/wk)     
≥0 & <8  14.12 1338/109 7.72 1 1 
≥8 & <25  11.93 1121/95 7.96 1.21 (0.91, 1.60) 1.18 (0.89, 1.57) 
≥25 & <40  15.87 1438/74 4.66 1.08 (0.78, 1.51) 1.07 (0.77, 1.49) 
≥40  11.57 1039/53 4.58 1.18 (0.82, 1.71) 1.20 (0.83, 1.75) 
Ptrend    0.58 0.61 
TV sitting (hrs/wk)     
≥0 & <8  5.31 491/39 7.35 1 1 
≥8  & <15  9.06 833/48 5.30 0.66 (0.43, 1.01) 0.61 (0.40, 0.93) 
≥15 & <16 13.95 1276/77 5.52 0.69 (0.47, 1.01) 0.64 (0.44, 0.96) 
≥16  10.74 1009/79 7.36 0.81 (0.55, 1.20) 0.74 (0.50, 1.10) 
Ptrend    0.18 0.10 
Non-TV Leisure Time  Sitting  (hrs/wk)     
≥0 & <4 8.06 803/51 6.32 1 1 
≥4  & <9  9.23 917/54 5.85 0.84 (0.58, 1.22) 0.86 (0.59, 1.24) 
≥9 & <16  8.56 840/53 6.19 0.99 (0.68, 1.43) 0.99 (0.69, 1.43) 
≥16  8.29 835/44 5.31 0.69 (0.47, 1.03) 0.69 (0.46, 1.02) 
Ptrend    0.22 0.21 
Leisure Time Sitting (hrs/wk)     
≥0 & <15  15.21 1400/98 6.44 1 1 
≥15  & <18  12.56 1154/70 5.57 0.88 (0.65, 1.20) 0.90 (0.66, 1.23) 
≥18 & <26  13.98 1282/81 5.79 0.85 (0.63, 1.14) 0.84 (0.62, 1.13) 
≥26   12.91 1211/88 6.82 0.87 (0.65, 1.16) 0.84 (0.63, 1.13) 
Ptrend    0.69 0.61 
Total sitting  (hrs/wk)     
≥0 & <26  13.43 1273/98 13.43 1 1 
≥26 & <41  14.85 1384/107 14.85 1.07 (0.81, 1.41) 1.07 (0.81, 1.41) 
≥41 & <55  13.76 1239/71 13.76 1.02 (0.74, 1.40) 1.01 (0.73, 1.39) 
≥55   13.54 1236/67 13.54 1.04 (0.75, 1.45) 1.02 (0.73, 1.42) 
Ptrend    0.97 0.96 
Model 1 adjusted for age, gender, employment grade and ethnicity. Model 2 additionally adjusted for smoking status, alcohol consumption, fruit and vegetable 
consumption, BMI, walking time and MVPA. Bold typeface = statistically significant P≤0.05 
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Table 6.3. Risk of non -fatal myocardial infarction (excluding self-report) according to categories of sitting behaviours between Phase 5 (1997-99) 
and Phase 9 (2008-09) 
 Person yrs  (x1000) N/Events Rate/1000 person-yrs Model 1 HR (95% CI) Model 2 HR (95% CI) 
Work sitting (hrs/wk)     
≥0 & <8  14.51 1338/37 2.55 1 1 
≥8 & <25  12.26 1121/38 3.10 1.41 (0.89, 2.23) 1.39 (0.87, 2.20) 
≥25 & <40  16.12 1438/21 1.30 0.85 (0.47, 1.52) 0.82 (0.46, 1.48) 
≥40  11.73 1039/22 1.88 1.35 (0.74, 2.47) 1.35 (0.74, 2.47) 
Ptrend    0.19 0.18 
TV sitting (hrs/wk)     
≥0 & <8  5.41 491/19  3.51 1 1 
≥8  & <15  9.20 833/20 2.17 0.58 (0.31, 1.09) 0.54 (0.28, 1.02) 
≥15 & <16 14.20 1276/27 1.90 0.51 (0.28, 0.92) 0.50 (0.28, 0.93) 
≥16  11.00 1009/25 2.27 0.53 (0.29, 0.98) 0.50 (0.27, 0.93) 
Ptrend    0.12 0.10 
Non-TV Leisure Time  Sitting  (hrs/wk)     
≥0 & <4 8.21 803/20 2.44 1 1 
≥4  & <9  9.41 917/16 1.70 0.63 (0.34, 1.17) 0.66 (0.36, 1.24) 
≥9 & <16  8.75 840/16 1.83 0.72 (0.39, 1.33) 0.74 (0.40, 1.36) 
≥16  8.42 835/17 2.02 0.65 (0.35, 1.21) 0.65 (0.35, 1.22) 
Ptrend    0.42 0.49 
Leisure Time Sitting (hrs/wk)     
≥0 & <15  15.51 1400/38 2.45 1 1 
≥15  & <18  12.80 1154/27 2.11 0.87 (0.53, 1.43) 0.90 (0.55, 1.48) 
≥18 & <26  14.25 1282/25 1.75 0.68 (0.41, 1.13) 0.69 (0.41, 1.14) 
≥26   13.20 1211/33 2.50 0.85 (0.53, 1.37) 0.82 (0.51, 1.34) 
Ptrend    0.52 0.53 
Total sitting  (hrs/wk)     
≥0 & <26  13.74 1273/40 2.91 1 1 
≥26 & <41  15.25 1384/36 2.36 0.87 (0.55, 1.37) 0.87 (0.56, 1.39) 
≥41 & <55  13.97 1239/23 1.65 0.76 (0.44, 1.31) 0.73 (0.43, 1.26) 
≥55   13.75 1236/24 1.75 0.85 (0.49, 1.46) 0.81 (0.47, 1.40) 
Ptrend    0.79 0.72 
Model 1 adjusted for age, gender, employment grade and ethnicity. Model 2 additionally adjusted for smoking status, alcohol consumption, fruit and vegetable 
consumption, BMI, walking time and MVPA. Bold typeface = statistically significant P≤0.05 
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Table 6.4. Risk of non-fatal myocardial infarction (including self-report) according to categories of sitting behaviours between Phase 5 (1997-99) 
and Phase 9 (2008-09) 
 Person yrs  (x1000) N/Events Rate/1000 person-yrs Model 1 HR (95% CI) Model 2 HR (95% CI) 
Work sitting (hrs/wk)     
≥0 & <8  14.45 1338/42 2.91 1 1 
≥8 & <25  12.24 1121/40 3.27 1.29 (0.83, 2.00) 1.28 (0.82, 1.99) 
≥25 & <40  16.09 1438/24 1.49 0.82 (0.47, 1.43) 0.81 (0.46, 1.40) 
≥40  11.70 1039/23 1.94 1.19 (0.66, 2.12) 1.18 (0.66, 2.12) 
Ptrend    0.33 0.32 
TV sitting (hrs/wk)     
≥0 & <8  5.40 491/19  3.52 1 1 
≥8  & <15  9.19 833/22 2.40 0.64 (0.35, 1.19) 0.59 (0.31, 1.10) 
≥15 & <16 14.18 1276/29 2.05 0.55 (0.31, 0.99) 0.54 (0.30, 0.97) 
≥16  10.96 1009/30 2.74 0.65 (0.36, 1.68) 0.61 (0.34, 1.09) 
Ptrend    0.24 0.20 
Non-TV Leisure Time  Sitting  (hrs/wk)     
≥0 & <4 8.21 803/20 2.44 1 1 
≥4  & <9  9.41 917/16 1.70 0.62 (0.34, 1.16) 0.66 (0.35, 1.23) 
≥9 & <16  8.73 840/18 2.06 0.84 (0.46, 1.50) 0.85 (0.47, 1.54) 
≥16  8.40 835/19 2.26 0.72 (0.39, 1.32) 0.72 (0.39, 1.32) 
Ptrend    0.48 0.55 
Leisure Time Sitting (hrs/wk)     
≥0 & <15  15.49 1400/40 2.58 1 1 
≥15  & <18  12.78 1154/29 2.27 0.88 (0.55, 1.43) 0.90 (0.56, 1.47) 
≥18 & <26  14.23 1282/27 1.90 0.70 (0.43, 1.14) 0.70 (0.42, 1.14) 
≥26   13.15 1211/38 2.89 0.94 (0.60, 1.48) 0.90 (0.57, 1.42) 
Ptrend    0.52 0.54 
Total sitting  (hrs/wk)     
≥0 & <26  13.69 1273/45 3.29 1 1 
≥26 & <41  15.24 1384/37 2.43 0.78 (0.50, 1.22) 0.79 (0.51, 1.23) 
≥41 & <55  13.93 1239/27 1.94 0.78 (0.47, 1.28) 0.75 (0.45, 1.24) 
≥55   13.72 1236/26 1.90 0.79 (0.47, 1.33) 0.75 (0.45, 1.27) 
Ptrend    0.66 0.59 
Model 1 adjusted for age, gender, employment grade and ethnicity. Model 2 additionally adjusted for smoking status, alcohol consumption, fruit and vegetable 
consumption, BMI, walking time and MVPA. Bold typeface = statistically significant P≤0.05 
 
 
194 
 
Chapter 7 
Sedentary behaviour and diabetes risk 
 
7.1. Introduction 
The most prevalent form of diabetes mellitus is type II diabetes, 
comprising around 90% of diagnosed cases in the UK.284 The underlying 
metabolic causes of type II diabetes are the combination of impairment in 
insulin-mediated glucose disposal (insulin resistance) and defective secretion of 
insulin by pancreatic β-cells.333 Insulin resistance develops from lifestyle factors 
including poor diet, obesity and low levels of physical activity and is 
exacerbated by genetic susceptibility334  and increasing age.335 The onset of 
type II diabetes is commonly accompanied by other lifestyle related risk factors 
including hypertension, dyslipidaemia and prothrobotic factors. In 2011 it was 
estimated that diabetes affects 366 million people worldwide, a figure that, 
based on current trends, is predicted to rise to 552 million by 2030.284 There are 
2.9 million people with diagnosed diabetes in the UK and it is estimated that a 
further 850 000 have undiagnosed diabetes. It is expected that by 2025,  5 
million UK citizens will have been diagnosed with diabetes.284 
 
There is a large body of both epidemiological and pathological evidence 
that points to diabetes as an independent risk factor for cardiovascular disease 
in both men and women.336 337  Cardiovascular disease accounts for around 
65% of deaths in diabetic patients.  In addition, diabetic patients who develop 
clinical CVD have a worse prognosis for survival than CVD patients without 
diabetes. 338 339 
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Physical activity has been demonstrated to improve insulin sensitivity 
and as such has an established protective effect against diabetes. It is also of 
significant benefit to those already suffering with the condition.340 341 
 
In the last 10 years a number of prospective studies have examined the 
associations between sedentary behaviour and incident type II diabetes 
although the majority have focussed on TV viewing rather than all types of 
sedentary behaviour.  Significant positive associations have been observed 
between TV viewing time and risk of developing type II diabetes that are 
independent of moderate to vigorous physical activity in large scale population 
studies from Europe,56 the US190-192 and Australia.81 As discussed previously, 
TV viewing, while a very prevalent sedentary leisure time activity is only one 
constituent of total sitting time and cannot be used as an effective marker of a 
broader pattern of sitting behaviour.72 Currently there are no prospective studies 
which have directly examined the association between risk of type II diabetes 
and total sitting time and only one previous prospective study has investigated 
associations with multiple sitting behaviours.191  Hu et al191  examined incidence 
of type II diabetes over 6 years of follow up across quintiles of three different 
domains of sitting: TV viewing, sitting at work or during commuting, and other 
(non-TV) leisure-time sitting. They observed significant positive associations 
with diabetes risk for TV viewing and sitting at work but not for non-TV leisure-
time sitting.   
 
Due to the global burden of disease attributable to diabetes, its 
increasing prevalence and its role in the development of cardiovascular disease 
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a clear understanding of the potential contribution of sitting in the development 
of diabetes is essential. As discussed previously, while total sitting time is 
important, the nature of the specific activity and the context in which it is taking 
place will affect the pattern of sitting time, which has been demonstrated to 
influence the association with other health outcomes.109 273 It is therefore 
necessary to examine the associations between diabetes incidence and both 
total sitting time and a range of sitting behaviours within the same cohort. 
 
In addition, the role of obesity in the association between sitting and 
health risk is unclear. There is evidence that markers of adiposity explain a 
significant proportion (between 27.3% and 95.9%) of the association between 
sitting time and a range of metabolic risk markers252 and a recent longitudinal 
study of early adulthood TV viewing and middle age cardiometabolic risk 
observed that once analyses were adjusted for baseline BMI the positive 
associations attenuated to the null.197 As obesity is central to the development 
of type II diabetes333 it is logical to include it in any analysis of sitting and 
diabetes risk as a potential confounder.  Of the existing prospective studies 
examining sitting and diabetes only three studies56 190 192 have included a 
marker of adiposity as a covariate. In all of these studies the positive 
associations were significantly attenuated following adjustment for baseline BMI 
and in one the association was attenuated to the null.56 It is therefore important 
to examine the role of obesity in the relationship between sitting time and risk 
for type II diabetes. 
 
 
 
197 
 
This study aims to enhance the evidence base by drawing on 15 years of 
data from the Whitehall II cohort study to examine the type-specific associations 
of five different sitting indicators and risk for type II diabetes.  
 
7.1.2. Hypotheses 
Based on the current available evidence it is reasonable to hypothesise that: 
i. Each of the 5 sitting time indicators will be positively associated 
with risk of developing type II diabetes 
ii. These associations will be independent of moderate to vigorous 
physical activity 
iii. These associations may be attenuated following adjustment for 
BMI 
 
7.2. Methods 
7.2.1. Determination of Sedentary Behaviours and Type II Diabetes  
The five sedentary behaviour exposures were determined from Phase 5 data as 
described previously (4.7.2). 
 
Cases of diabetes were identified by doctor’s self-reported diagnosis and 
diabetic medication, and by 2 hour 75g oral glucose tolerance test conducted 
during clinical examinations at Phases 5, 7 and 9.342 343 Following a baseline 
plasma glucose measurement, participants ingested a solution containing 75g 
of glucose. Plasma glucose concentration was then assessed at 10, 20, 30, 60 
and 120 minutes. Diabetes was then determined using the 1999 World Health 
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Organisation classification.168 Participants classified as having diabetes at 
Phase 5 were excluded from the analysis of incident diabetes between Phases 
5 and 9. 
 
7.2.2. Covariates 
The sociodemographic covariates included in the current analysis were 
age, gender, ethnicity and employment grade. Employment grade (3 levels: 
clerical and support, professional and executive, senior administrative) in the 
Whitehall II Study is a comprehensive marker of socioeconomic circumstance 
relating to social status, salary and level of responsibility307 For retired 
participants, their last reported employment grade was considered. Health 
related covariates included self-rated health (reported as; excellent, very good, 
good, fair, or poor), smoking status (current, previous, or never a smoker), 
alcohol consumption, diet quality, body mass index (BMI) and physical 
functioning. Participants reported the number of ‘measures’ of spirits, ‘glasses’ 
of wine, and ‘pints’ of beer consumed in the previous seven days, and this was 
then converted to units  (1 unit=8g) of alcohol. Diet quality was represented by 
frequency of fruit and vegetable consumption and was assessed using an eight 
point scale ranging from: 1) “seldom or never”, to 8) “two or more portions per 
day”. Height (m) and weight (kg) were recorded during clinical examination and 
BMI calculated using a standard formula. To assess perceptions of physical 
functioning the SF-36 questionnaire was used and scored with the Medical 
Outcomes Study scoring system.308 The SF-36 assesses the extent to which 
participant’s health limits their ability to perform physical activities, ranging in 
intensity from vigorous (sporting and volitional exercise activities) to light (day-to 
–day tasks) using the responses “a lot”, “a little”, and “not at all”. Responses 
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were scored, summed and transformed to scale from 0 (limited a lot in 
performing all types of physical activities) to 100 (able to perform all types of 
physical activity without limitation). This scale has been demonstrated to have 
high internal consistency.309 
 
Physical activity covariates included daily walking time (minutes/day), 
and time spent in moderate to vigorous physical activity (hrs/wk). Physical 
activity was assessed using a modified version of the Minnesota leisure-time 
physical activity questionnaire which assesses both occupational and leisure-
time physical activities, and which has been validated previously.299 Twenty 
items (including 5 open-text responses) assessed time spent engaged in 
walking, sports and games, gardening activities, housework and do-it-yourself 
building/maintenance projects, in hours over the previous four week period. 
Each activity was subsequently assigned an energy expenditure value in 
metabolic equivalents (METs: where 1 MET is equal to energy expenditure at 
rest) using a compendium of activity energy expenditures.302  Moderate intensity 
activities were classified as those eliciting an energy expenditure of 3-5.9 METs 
and vigorous intensity activities from 6 METs and upwards. The energy 
expenditure of walking activity is dependent on walking pace and could 
therefore not be determined from the Phase 5 questionnaire. As a result, while 
in some instances walking may have met the required energy expenditure, for 
the purposes of the present analysis walking did not contribute to the measure 
of MVPA but daily walking time (minutes per day) was included as a separate 
covariate. 
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7.2.3. Statistical analysis 
Due to low numbers in some of the eight categories of sitting time, they 
were collapsed into four categories of near equal numbers as the data 
permitted. Exact quartiles were again not possible due to the distributions of 
sitting time.  
 
Separate multiple logistic regression models were fitted to examine the 
prospective associations between each of the five sitting exposures and type II 
diabetes incidence between Phases 5 (1997-99) and 9 (2008-09). Odds ratios 
for type II diabetes and 95% confidence intervals were estimated for each 
category of the five sitting exposures with the lowest group the reference 
category. Analyses were limited to those who were free from diabetes and who 
had not suffered any form of heart disease prior to Phase 5  
 
Logistic regression models were first adjusted for age, gender, ethnicity 
and employment grade (model 1) and then additionally for smoking status, 
alcohol consumption, physical functioning, frequency of fruit and vegetable 
intake and self-rated health (model 2). In order to address the central 
hypothesis that sitting is a risk factor for diabetes that acts independent of 
physical activity, weekly MVPA and daily walking time were added in model 3. 
In order to examine the possibility that obesity may confound the relationship 
between sitting time and diabetes risk, those sitting models which showed a 
significant association between sitting and diabetes risk were repeated with 
additional adjustment for BMI (model 4). In order to examine the possibility of 
bias due to differential loss from the original 1985 cohort, baseline age, gender, 
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employment grade, alcohol consumption and the likelihood of being obese and 
of being a current smoker were compared between those who did and those 
who did not respond to questionnaire items relating to occupational and leisure 
time sitting behaviour. Pearson’s product-moment correlations were used to 
examine the relationship between the five sitting indicators and weekly MVPA. 
Analyses were conducted in 2013 using STATA version 11.2. 
 
7.3. Results 
The final sample consisted of 4851 participants who had complete data 
for sitting time and all covariates and who were free from diabetes or coronary 
heart disease at Phase 5. Baseline sample characteristics are described in 
table 7.1. A total of 387 new cases of diabetes were recorded over a 10 year 
follow up period. Compared to those who completed questionnaire items related 
to sitting at Phase 5, those lost to follow-up between the studies inception in 
1985 and the Phase 5  were slightly older at date of screening (0.42 yrs; 95%CI 
0.17, 0.67: P=0.001) consumed slightly less alcohol 1.19 units/wk; 95%CI 0.64, 
1.73: P <0.001) and had a greater likelihood of being male (OR 0.11; 95%CI 
0.09, 0.13), obese (OR 0.04 95%CI 0.03, 0.05), and in a higher employment 
grade  (OR 0.05 95%CI 0.03, 0.07) in 1985. Inclusion in the current analysis 
was not associated with smoking behaviour in 1985. There was very little 
evidence of a correlation between MVPA and Work sitting (r=-0.16), TV sitting 
(r=0.02), Non-TV leisure time sitting (r=-0.03), Leisure time sitting (r=0.04), and 
Total sitting (r=-0.09). 
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Odds ratios and 95% confidence intervals for diabetes risk across four 
categories of the five sitting indicators are described in table 7.2. There was a 
significant positive association between weekly TV sitting and diabetes risk 
which remained significant following adjustment for age, gender, ethnicity, self-
rated health, smoking status, alcohol consumption MVPA, and daily walking 
time. Those who reported watching more than 16 hours of television per week 
were 73% more likely to develop diabetes than those who watched less than 8 
hours per week following adjustment for covariates. Total sitting was not 
significantly associated with diabetes risk in model 1. However there was a 
significant association in model 2 (following adjustment for self-rated health, 
physical functioning, smoking status and alcohol consumption), and this 
persisted following subsequent adjustment for MVPA and daily walking time in 
model 3. Those in the highest total sitting group were 31% more likely to 
develop diabetes over the follow-up period than those in the reference category. 
Leisure time sitting was associated with diabetes risk in model 1 but was 
attenuated in the subsequent models. Work sitting and non-TV leisure-time 
sitting were not associated with diabetes risk in any of the models. 
 
When the analyses for TV sitting, and total sitting time were further 
adjusted for BMI at baseline the positive associations were attenuated to null 
(odds ratios and 95% confidence intervals are described in table 7.3) 
 
7.4. Discussion 
These analyses tested the hypotheses that sitting time would predict risk 
of incident type II diabetes independently of moderate to vigorous intensity 
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physical activity and that BMI may attenuate these associations. This is the first 
study to examine associations between incident diabetes and both total and 
type specific sitting time.  Sitting while watching television and total sitting time 
from work and leisure time were positively associated with risk of developing 
type II diabetes during the follow-up period while sitting at work and non-TV 
leisure time sitting were not. Leisure time sitting was significantly associated 
with diabetes risk in model 1 only. These associations remained significant 
following adjustments for a range of covariates including MVPA but were 
attenuated to null following adjustment for BMI (Table 7.3). 
 
This is the first study to examine the relationships between total weekly 
sitting time, including both occupational and leisure time sitting, with type II 
diabetes risk. The current findings suggest that total sitting from all domains 
may be an important risk factor for type II diabetes, independent of moderate to 
vigorous physical activity. The differential associations observed between the 
five sitting indicators with diabetes risk also highlights the importance of 
examining sitting behaviour in different contexts separately.  
 
The present findings are consistent with a number of previous 
prospective studies which have observed significant positive associations 
between TV viewing time and type II diabetes incidence.56 65 190-192 The 
observation that non-TV leisure time sitting showed no association with 
diabetes risk is also consistent with the only previous study which has examined 
this exposure.191 There are a number of possible explanations for these 
differential associations. Both epidemiological109 and experimental273 275 
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evidence suggests that the pattern of sitting behaviour, in terms of the number 
of breaks or interruptions in a given period, can determine the magnitude of any 
negative health consequences. It is possible that when sitting to watch a TV 
programme or a film (which may last a matter of hours) people are less likely to 
get up and move around, engage in another activity, or otherwise interrupt 
prolonged sitting than during reading or talking on the phone, activities which 
may be shorter in duration  or more sporadic. It has also been suggested that 
TV viewing may illicit a slightly lower energy expenditure than other sitting 
behaviours,302 and may therefore contribute to the development of a positive 
energy balance to a greater degree.  
 
It is also possible that TV viewing, unlike other sedentary behaviours 
may contribute to a higher overall energy intake leading to adiposity and 
subsequently to associated conditions including type II diabetes. This may 
happen either indirectly, by increased exposure to food advertising, or directly 
through the consumption of energy dense snack foods or beverages during TV 
viewing. In an investigation of the priming effects of television food advertising 
on eating behaviour Harris et al74 observed that adults consumed more food 
following exposure to snack food advertising irrespective of their reported 
hunger and that these effects were not limited to the products being advertised.  
Cleland et al321 also reported that the association between TV viewing time and 
waist circumference was significantly attenuated following adjustment for food 
and beverage consumption. While the current analyses were adjusted for 
frequency of fruit and vegetable consumption to try and account for differences 
in diet quality, differences in snacking behaviour and energy intake from calorie 
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rich foods and beverages could not be accounted for. It is therefore possible 
that TV food advertising and related changes in dietary behaviours may have 
contributed to the differential associations observed between TV viewing and 
non-TV leisure time sitting with diabetes risk in the current analysis.  
 
There are also a number of methodological factors which must be 
considered. As discussed previously (2.2.4) it is possible that TV viewing is 
easier for participants to accurately recall than other leisure-time sitting 
behaviours which may occur less often, less regularly, and for shorter periods. 
TV viewing is a very prevalent leisure time behaviour and recall may also be 
aided by regular programming and TV schedules. As non-differential 
misclassification of the exposure will attenuate any true association with the 
outcome towards the null, if there is more error in the reporting of non-TV 
leisure time sitting than in TV viewing then observing an association with TV 
viewing is more likely. 
 
The absence of an association between sitting at work and risk for type II 
diabetes is not consistent with the one previous prospective study to examine 
differences in diabetes risk across 5 categories of occupational weekly sitting 
time.191  Hu et al observed a significant positive association between diabetes 
incidence and work sitting time following adjustment for a range of covariates 
including age, hormone use, alcohol consumption, smoking, family history of 
diabetes, physical activity and a range of dietary factors.191 One possible 
explanation for the absence of an association with work sitting is the 
homogeneity of work patterns within the civil service. It may be that the use of 
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employees of a single industry sector does not allow sufficient variance in sitting 
time to be able to detect an association with diabetes risk. Alternatively, if sitting 
pattern is important, there may be differences in the patterns of occupational 
sitting between the two cohorts.  
 
The last part of these analyses examined the effect of additionally 
adjusting the analyses for baseline BMI (model 4). Following this adjustment, 
the remaining associations between both TV viewing and total sitting time with 
diabetes risk were attenuated to the null. This is consistent with previous 
prospective studies which have reported significant attenuation of associations 
between sitting time and diabetes risk following adjustment for baseline BMI,56 
190 192 although in only one of these previous studies was the association 
attenuated to null.56  It is also consistent with the findings by Stamtakis et al197 
who used prospective data from nearly 6000 participants from the 1958 British 
Birth Cohort Study to examine associations between TV viewing at age 23 and 
cardiovascular risk at age 44. The range of measured risk factors included 
plasma triacylglycerol, total and HDL cholesterol, systolic and diastolic blood 
pressure, waist circumference and glycated haemoglobin (HBA1c) which is a 
marker of diabetes status. Following adjustment for baseline BMI associations 
between TV viewing with these risk markers and total cardiometabolic risk score 
were attenuated to null. In a separate cross-sectional analysis of 5067 people 
representative of the UK population, Stamatakis et al252 observed that 
measures of adiposity explained significant proportions of the associations 
between both TV viewing and total sitting with a range of non-adiposity related 
cardiometabolic risk markers. Body mass index explained up to 95.9% of the 
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association between total sitting and risk markers (range for individual markers 
33% to 95.9%: described previously (3.7). Waist circumference explained a 
slightly lower proportion of the association between total sitting time and risk 
markers (range for individual markers 38%-90%). A smaller but still 
considerable proportion of the associations between TV viewing and these risk 
markers were explained by BMI (range 28.6-60.3%) and waist circumference 
(27.3-60.7%).  The findings of this study and those of others suggest that 
obesity may lead to greater volumes of sitting during non-work time (where 
there is greater choice) and subsequently increased risk rather than the other 
way round.  
 
The direction of the association between sitting and obesity is unclear (it 
is plausible that obesity is both a cause and a consequence of sitting behaviour) 
83 250 and further research is required to clarify this association and examine its 
contribution to the relationships between sitting and other disease outcomes. 
 
  One of the important aspects of the definition of sedentary behaviour is 
that little is required in the way of energy expenditure above resting levels. 
Unless energy intake is adjusted accordingly, this reduced energy expenditure 
would lead to a surplus of energy intake over expenditure. A recent 
experimental study observed that, compared to a more active day, the acute 
detrimental effects of a full day of uninterrupted sitting on insulin action were 
largely attenuated if energy intake was reduced to match the reduced energy 
expenditure274 It is well established that energy surplus reduces insulin action344 
345  and evidence suggests that there is no compensatory decline in ad libitum 
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food intake in response to large reductions in energy expenditure.346 Therefore 
it is reasonable to conclude that energy surplus and sedentary behaviour may 
often coexist. As well as acutely affecting insulin action, chronic exposure to a 
positive energy balance through repeated high volumes of daily sitting would 
also contribute to additional adiposity which in itself would contribute to insulin 
resistance and increased risk of diabetes. Therefore it may be that the 
association between sitting time and diabetes risk is due, at least in part, to the 
acute and chronic effects of a positive energy balance brought about by 
prolonged periods of time spent at a lower energy expenditure that are not 
compensated for by relatively short, occasional bouts of MVPA. 
 
The measure of diet quality in the current analysis is not sufficient to 
account for differences in total daily energy intake or energy balance so this 
may be a source of residual confounding. Further epidemiological and 
experimental studies, with sensitive measures of diet, and energy intake versus 
expenditure, are needed to clarify the contribution of dietary behaviours and 
energy balance to the associations between sitting and health outcomes. 
 
7.4.2. Strengths and limitations 
The large sample size and 10 year follow-up period are strengths of the 
current analysis, as is the broad ranging information on physiological risk 
markers and health behaviours which allowed adjustment for large number of 
potential confounding factors. The benefits of physical activity on metabolic 
health, insulin sensitivity and diabetes risk are well established so the question 
of whether sitting time influences diabetes risk independently of physical activity 
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is an important one. The detailed assessment of a broad range of physical 
activities in the Whitehall II questionnaire is another significant strength.  
 
A number of limitations must also be acknowledged. As discussed 
previously the Whitehall II study is an occupational cohort study, and as such all 
participants were healthy enough to be in active employment when recruited. 
This limits the ability to generalise the present findings to the wider population, 
as does the use of a single industry sector.  However, given the increasing 
proportion of workers in affluent societies employed in white-collar occupations 
these findings remain very relevant.320   
 
Measurement error associated with the use of self-report measures may 
lead to misclassification of sitting time. Any systematic measurement error could 
potentially have introduced bias to the analyses. However in the current study it 
is likely that any measurement error is random and resulting misclassification 
non-differential, which would simply result in an attenuation of any true 
associations between sitting and diabetes risk towards the null. In addition the 
questionnaire items related to occupational and leisure time sitting have been 
used previously in prospective studies examining associations between sitting 
time and health outcomes190 191 and have been previously validated. 303It must 
also be recognised that the use of self-report measures is an important strength 
of these analyses as objective measures of sedentary time such as 
accelerometers cannot provide the important contextual information which 
allows the separate examination of sitting in different domains.  The differential 
associations between diabetes risk and the different sitting indicators observed 
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in these analyses highlight the importance of this. It is also possible that some 
misclassification of the outcome may have arisen from cases where the 
classification of diabetes was reliant on self-report of either a doctor’s diagnosis 
of diabetes or the prescription of diabetes drugs.  
 
7.4.3. Conclusions 
The results of this study and others suggest TV viewing time, sitting 
during leisure time and total sitting from work and leisure time combined are 
associated with risk for type II diabetes independent of moderate to vigorous 
physical activity. These findings are also consistent with previous prospective 
studies that have demonstrated that associations between sitting and diabetes 
are significantly attenuated following adjustment for baseline BMI. As sitting 
behaviours require and energy expenditure of ≤1.5 METs it is logical that 
prolonged sitting could simply be a marker for low daily energy expenditure that 
could contribute to a positive energy balance. It is therefore possible that the 
association between sitting and diabetes incidence may be attributable at least 
in part to a positive energy balance rather than sitting per se, which would 
contribute to increased adiposity and subsequent reduced insulin sensitivity. 
Further experimental research is needed to determine the association between 
sitting and adiposity and the role of diet, energy expenditure and energy 
balance in the associations between sitting and health outcomes. 
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Table 7.1. Subject characteristics at baseline (Phase 5 1997-99)  
  Whole sample Sitting Group (Total from work and leisure time) 
   1 2 3 4 
n (cases)  4851    (387)     
Age (yrs) 55.38  (5.93) 58.00 (5.80) 57.00 (6.00) 54.00 (5.30) 53.00 (5.00) 
Male (%) 66.82  21.44  27.03  25.72  25.81  
BMI 25.68 (3.77) 26.00 (3.70) 26.00 (3.60) 26.00 (3.80) 26.00 (4.00) 
Waist Circumference (cm) 89.06 (11.36) 87.00 (11.00) 88.00 (11.00) 88.00 (11.00) 89.00 (12.00) 
Weight  (Kg) 77.00 (13.00) 76.00 (13.00) 77.00 (13.00) 78.00 (13.00) 79.00 (14.00) 
Walking (mins/d) 42.71 (22.66) 44.49 (24.76) 44.30 (22.68) 40.98 (21.39) 40.91 (21.44) 
MVPA (hrs/wk)  14.24 (11.89) 15.35 (12.81) 15.78 (13.06) 13.01 (10.40) 12.67 (10.62) 
Employment 
Grade (%) 
Administrative 47.00  18.68  26.49  27.24  27.59  
Prof/Executive 43.00  26.22  27.28  23.25  23.25  
Clerical/Support 10.00  40.82  27.42  17.32  14.43  
Alcohol consumption 
(units/wk) 
14.00 (15.00) 13.00 (15.00) 14.00 (14.00) 14.00 (14.00) 16.00 (16.00) 
Smoking 
Status (%) 
Never 52.05  23.41  26.26  26.10  24.24  
Ex 38.01  24.19  28.47  23.75  23.59  
Current 9.94  27.80  24.48  19.29  28.42  
Self-rated 
health (%) 
Very Good 53.43  25.08  27.70  24.31  22.92  
Good 37.04  22.70  25.43  25.15  26.71  
Fair or Poor 9.52  24.46  28.35  23.38  23.81  
Data are mean (sd) unless otherwise stated.  
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Table 7.2.. Risk of type II diabetes according to categories of sitting behaviours between phases 5 and 9 (1997-99 and 2008-09)   
  Model 1 Model 2 Model 3 
 N/Cases OR (95% CI) OR 95% CI OR 95% CI 
Work sitting (hrs/wk)        
≥0 & <3 1240/105 1  1  1  
≥3 & <25  1046/91 1.08 (0.80, 1.46) 1.05 (0.77, 1.42) 1.05 (0.77, 1.42) 
≥25 & <40 1381/109 1.11 (0.81, 1.52) 1.11 (0.81, 1.53) 1.10 (0.80, 1.51) 
≥40 1002/65 0.96 0.67, 1.38 0.97 (0.68, 1.40) 0.96 (0.66, 1.38) 
Ptrend  0.79  0.84  0.84  
TV sitting (hrs/wk)        
≥0 & <8 469/27 1  1  1  
≥8  & <15 792/53 1.26 (0.78, 2.05) 1.22 (0.75, 1.98) 1.23 (0.76, 2.01) 
≥15 &  <16 1199/105 1.67 (1.08, 2.61) 1.59 (1.02, 2.49) 1.62 (1.04, 2.53) 
≥16 953/93 1.84 (1.17, 2.90) 1.70 (1.08, 2.70) 1.73 (1.10, 2.73) 
Ptrend  0.02  0.05  0.04  
Non-TV Leisure Time  Sitting  (hrs/wk)        
≥0 & <8 748/60 1  1  1  
≥8  & <9 864/69 1.02 (0.71, 1.47) 0.99 (0.69, 1.43) 0.99 (0.69, 1.43) 
≥9 & <16 800/53 0.84 (0.57, 1.23) 0.81 (0.55, 1.20) 0.82 (0.55, 1.21) 
≥ 16  792/69 1.10 (0.76, 1.59) 1.04 (0.72, 1.50) 1.03 (0.70, 1.49) 
Ptrend  0.54  0.59  0.63  
Leisure Time Sitting (hrs/wk)       
≥0 & <11  1324/88 1  1  1  
≥11  & <18 1102/78 1.14 (0.83, 1.57) 1.11 (0.81, 1.53) 1.11 (0.81, 1.54) 
≥18 & <26 1205/109 1.47 (1.09, 1.98) 1.43 (1.06, 1.94) 1.44 (1.07, 1.96) 
≥26 1142/103 1.41 (1.04, 1.91) 1.29 (0.95, 1.76) 1.30 (0.95, 1.77) 
Ptrend  0.04  0.09  0.08  
Total sitting  (hrs/wk)        
≥0 & <26  1171/96 1  1  1  
≥26 & <41  1306/105 1.08 (0.81, 1.46) 1.08 (0.80, 1.45) 1.08 (0.80, 1.46) 
≥41 & <55   1190/83 1.04 (0.76, 1.44) 1.14 (1.05, 1.43) 1.18 (1.04, 1.42) 
≥ 55 1184/103 1.36 (1.00, 1.87) 1.32 (1.07, 1.82) 1.31 (1.05, 1.79) 
Ptrend  0.18  0.05  0.03  
Model 1 adjusted for age, gender, employment grade and ethnicity. Model 2 additionally adjusted for smoking status, alcohol consumption, fruit and vegetable 
consumption, BMI, walking time. Bold typeface = statistically significant P≤0.05 
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Table 7.3.  Risk of type II diabetes according to categories of sitting behaviours between phases 5 and 9 (1997-99 and 2008-09)   
  Model 3 Model 4 
 N/Cases OR (95% CI) OR 95% CI 
TV sitting (hrs/wk)      
≥0 & <8 469/27 1  1  
≥8  & <15 792/53 1.23 (0.76, 2.01) 1.21 (0.74, 1.98) 
≥15 &  <16 1199/105 1.62 (1.04, 2.53) 1.54 (0.98, 2.43) 
≥16 953/93 1.73 (1.10, 2.73) 1.60 (1.00, 2.54) 
Ptrend  0.04  0.13  
Leisure Time Sitting (hrs/wk)      
≥0 & <11  1324/88 1  1  
≥11  & <18 1102/78 1.11 (0.81, 1.54) 1.09 (0.79, 1.52) 
≥18 & <26 1205/109 1.44 (1.07, 1.96) 1.37 (1.01, 1.86) 
≥26 1142/103 1.30 (0.95, 1.77) 1.24 (0.91, 1.69) 
Ptrend  0.08  0.20  
Total sitting  (hrs/wk)      
≥0 & <26  1171/96 1  1  
≥26 & <41  1306/105 1.08 (0.80, 1.46) 1.07 (0.79, 1.45) 
≥41 & <55   1190/83 1.18 (1.04, 1.42) 0.99 (0.71, 1.38) 
≥ 55 1184/103 1.31 (1.05, 1.79) 1.20 (0.87, 1.65) 
Ptrend  0.03  0.61  
Model 3 additionally adjusted for MVPA. Model 4 additionally adjusted for  BMI. Bold typeface = statistically significant P≤0.05
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Chapter 8 
Sedentary Behaviour and Obesity 
 
8.1. Introduction  
The increasing prevalence of overweight and obesity is a global health 
concern. A recent systematic analysis of epidemiological studies from 199 
countries estimated that in 2008 1.46 billion adults worldwide were overweight 
and 502 million were obese.347 The effects of a chronically high prevalence of 
obesity on population health are far reaching. Obesity is an established risk 
factor for several major chronic conditions, including cardiovascular and 
metabolic diseases and certain cancers.  The morbidity and premature mortality 
associated with such conditions drives the increasing health burden of 
overweight and obesity.348 349  The acute and chronic conditions associated with 
obesity impact societies not just by detrimentally affecting the health related 
quality of life of individuals, 350 351 but also financially, through the increased 
healthcare costs and lost productivity. A 2007 report by the UK Office for 
Science Foresight Program projected that the continuing rise in obesity 
prevalence will add £5.5 billion in medical costs to the National Health Service 
by 2050285 and although individual estimates vary, a number of studies have 
suggested that the monetary value of lost productivity is several times larger 
than the direct medical cost.352 353 A comprehensive understanding of how 
health behaviours might affect the development of obesity is therefore essential.  
 
Moderate to vigorous intensity physical activity (MVPA) has an 
established protective effect against a range of health outcomes and associated 
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risk factors, including obesity.354 355  In addition an emerging body of evidence 
suggests that sitting may be linked to cardiometabolic risk independently of 
MVPA.34 356  As discussed previously (chapter 3), prospective studies have 
demonstrated significant positive associations between indicators of sitting 
behaviour and mortality,53 62 152 154 cardiovascular disease,65 67 and metabolic 
disease including type 2 diabetes,56 190-192 which are independent of MVPA. 
Cross-sectional studies have reported consistent associations between sitting 
behaviour and obesity prevalence 206 289 while some prospective studies have 
reported sitting to predict incident obesity or positive changes in bodyweight or 
adiposity.66 191 217 246  Nevertheless, evidence for  associations between sitting 
and obesity risk is equivocal: other studies have shown  body weight status can 
predict sitting time,83 sedentary lifestyle250 and reduced levels of physical 
activity,357 358   but sitting may not predict future obesity.83  
 
A recent longitudinal study looking at the associations between TV 
viewing in early adulthood and  cardio metabolic risk profiles in middle age also 
found that once the analyses were adjusted for baseline BMI there was little 
evidence of an association.197 In a separate study BMI and waist circumference 
were found to explain most of the association between time spent sitting and 
cardiometabolic risk factors.252   
 
Different types of sitting that vary in duration and pattern may have 
differential associations with health outcomes.109 Despite this, only one previous 
prospective study has separately examined whether different types of sitting are 
differentially associated with obesity.  Other studies have examined all sitting 
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behaviours combined or a single type of sitting, most commonly TV viewing 
and/or recreational screen time. Further, no studies have examined the 
prospective associations between obesity and time spent in different sitting 
types. This is important as if some sitting behaviours are associated with 
obesity and others aren’t this might offer some insight as to the biological 
mechanism underlying the association.  
 
The aim of this study was to add to the current literature by examining 
different types of sitting and the direction of any relationship with obesity. 
Drawing on data from two measurement phases of the Whitehall II cohort study 
the cross-sectional and prospective associations between 5 sitting exposures 
and obesity were examined. In addition, data from earlier measurement phases 
were used to examine the hypothesis that obesity may determine different types 
of sitting behaviour rather than sitting determining obesity. 
 
8.1.2. Hypotheses 
Based on the current available evidence it is reasonable to hypothesise that: 
iv. Each of the 5 sitting time indicators will be positively associated 
with both prevalent and incident obesity  
v. These associations will be independent of moderate to vigorous 
physical activity 
vi. Obesity may also predict volume of sitting time 
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8.2. Methods 
8.2.1. Determination of sedentary behaviours and obesity 
The five sedentary behaviour exposures were determined from Phase 5 data as 
described previously (4.7.4). 
 
The questionnaire included items related to both occupational and leisure 
time sitting behaviours. Participants were asked ‘On average how many hours 
per week do you spend: sitting at work, driving or commuting?’ and ‘sitting at 
home e.g. watching TV, sewing, at a desk’, and responded by selecting one of 
eight time categories (none, 1hr, 2-5, 6-10, 11-20, 21-30, 31-40, >40hrs).  For 
sitting at home participants were given an open text response option to specify 
two types of sitting and then selected a time category for each. Using the 
midpoint of each time category, 5 indicators of sitting expressed as hours per 
week were computed: 1) work related sitting time, 2) TV viewing time, 3) Non-
TV leisure sitting time, 4) Total leisure time (LT) sitting (sum of 2 and 3 above), 
and 5) Total sitting time (sum of 1-3 above). These items have been used 
previously191 and their validity is described elsewhere.303  
 
Height (metres) and weight (kg) were measured at the clinical 
examinations. Body Mass Index (BMI) was computed by dividing height2 (m) by 
bodyweight (Kg). Obesity was defined as having a BMI of ≥30kg.m2 and was 
recorded at baseline and at Phases, 3, 5 and 7. At baseline participants were 
asked to recall their weight at 25 years which was used with height at baseline 
to estimate BMI and obesity status at age 25 years. 
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8.2.2. Covariates 
Sociodemographic covariates included age, gender, ethnicity and 
employment grade. Employment grade in the Whitehall II study is a 
comprehensive marker of socioeconomic circumstance related to salary, level 
of responsibility and social status.307 Health behaviours included smoking status 
(current, previous, or never a smoker), alcohol consumption (units per week), 
self-rated health (excellent, very good, good, fair, or poor).  Perceived physical 
functioning was assessed using the SF-36 and scored with the Medical 
Outcomes Study scoring system.308 The scale requires participants to consider 
the extent to which their health limits their ability to perform 10 physical activities 
ranging from vigorous intensity sporting activities to light intensity day to day 
tasks using the responses  ‘a lot’,  ‘a little’, and ‘not at all’. These scores are 
summed and transformed to scale from 0 (limited a lot in performing all ten 
types of physical activities) to 100 (performs all ten types of physical activities 
without limitation). This scale has high internal consistency.309   
 
Physical activity covariates included daily walking time (mins/day), time 
spent in light intensity activity (LPA) and moderate to vigorous intensity physical 
activity (MVPA) in hrs/wk.  The questionnaire asked about occupational, 
domestic and leisure time physical activities. Twenty items assessed time spent 
engaged in walking, cycling, stair-climbing, sports and games, domestic activity 
including gardening, housework and DIY. Participants reported the number of 
occasions and total number of hours spent engaged in each activity over the 
previous 4-week period. Each activity was then assigned an energy expenditure 
value using a compendium of physical activity energy costs.359 Physical 
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activities were classified by metabolic equivalents (MET) with moderate 
intensity activities (e.g. heavy gardening, heavy household maintenance 
activities, some sports,) ranging from 3-5.9 METS and vigorous intensity 
activities (e.g. sports) 6 METS or greater. As the energy cost of walking is 
dependent on walking pace and could not be determined from the Phase 5 
questionnaire, walking time did not contribute to either the MVPA or LPA 
variables. Therefore LPA included all other activities up to 3 METS (light 
housework and chores).  
 
8.2.3. Statistical analyses 
Due to low numbers in some of the eight categories of sitting time, they 
were collapsed into four categories of near equal numbers as the data permitted 
(see Table 2). Exact quartiles were not possible due to non-normal distributions. 
Participants were classified as obese (1) or not (0) depending on their BMI for 
each phase. Pearson’s product-moment correlations were used to examine the 
relationship between the five sitting indicators and weekly MVPA. 
 
Separate multiple logistic regression models were fitted to examine the 
cross-sectional associations between each of the five sitting exposures and 
obesity at Phase 5. Odds ratios and 95% confidence intervals were estimated 
for each category of sitting time, by type, with the lowest group the reference 
category. Cross-sectional analyses were limited to those who had completed 
both the survey and clinical examination, who were still working in the civil 
service or elsewhere, and who had not suffered any form of heart disease prior 
to the survey/examination. Analysis of incident obesity between Phases 5 and 7 
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was restricted to the same sample as cross-sectional analyses but in addition 
participants who were obese at Phase 5 were excluded.  
 
To investigate the effect of antecedent obesity on sitting behaviour at 
Phase 5 participants were characterised as obese/non-obese at baseline, 
Phase 3 and at age 25. The sum of values from these 3 variables indicated the 
number of occasions an individual was obese prior to the measurement of 
sitting at Phase 5.  
 
Ordinary least squared linear regression models were fitted to examine 
the association between occasions of obesity prior to Phase 5 (a categorical 
exposure variable with scores 0-3) and time spent in each of the five types of 
sitting at Phase 5 (as the outcomes). Models were first adjusted for age and 
gender (Model 1) and then further adjusted for employment grade, ethnicity, 
smoking status, weekly alcohol intake, self-rated health, physical functioning, 
daily walking time and MVPA (Model 2). The light intensity physical activity 
(LPA) variable was not included in the final models as it did not significantly 
improve model fit. To test for linear trends in individual parameters the Wald chi-
squared test was used and the Likelihood-ratio chi-squared test was used for 
non-linear relationships. In order to examine the possibility of bias due to 
differential loss from the original 1985 cohort, baseline age, gender, 
employment grade, alcohol consumption and the likelihood of being obese and 
of being a current smoker were compared between those who did and those 
who did not respond to questionnaire items relating to occupational and leisure 
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time sitting behaviour. Analyses were conducted in 2012 using STATA version 
11.2 (StataCorp, College Station, TX).  
 
8.3. Results 
Participant characteristics are shown in Table 8.1. Logistic regression 
analyses showed that participants who provided complete data for the Phase 5 
measurement only did not differ significantly in baseline characteristics to those 
who provided complete data for both Phases 5 and 7 (p>0.05 for all).  
Compared to those who completed questionnaire items related to sitting at 
Phase 5, those lost to follow-up between the studies inception in 1985 and the 
Phase 5  were slightly older at date of screening (0.42 yrs; 95%CI 0.17, 0.67: 
p=0.001) consumed slightly less alcohol 1.19 units/wk; 95%CI 0.64, 1.73: 
p<0.001) and had a greater likelihood of being male (OR 0.11; 95%CI 0.09, 
0.13), obese (OR 0.04 95%CI 0.03, 0.05), and in a higher employment grade  
(OR 0.05 95%CI 0.03, 0.07) in 1985. Inclusion in the current analysis was not 
associated with smoking behaviour in 1985. There was no evidence of a 
correlation between weekly MVPA and Work sitting (r=0.04), TV viewing (r=-
0.04), Non-TV leisure sitting (r=-0.02), Leisure time sitting (r=-0.01), and Total 
sitting (r=0.02).   
 
8.3.2. Cross-sectional and Prospective analyses 
No cross-sectional associations between different sitting indicators and 
prevalent obesity were observed (Table 8.2). Between Phases 5 and 7, ninety-
eight new cases of obesity were recorded.  None of the five sitting exposures 
were associated with incident obesity between Phases 5 and 7 (Table 8.2).
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8.3.3. Antecedent obesity analysis 
The results of linear regression analyses of the effect of prior obesity on 
Phase 5 sitting time are shown in Table 3. The group of participants classified 
as being obese at all three time points prior to Phase 5 watched an average of 
nearly 9 hours of TV per week more than the reference category (never obese 
at any measurement prior to Phase 5). Being obese on 3 occasions prior to 
Phase 5 was also associated with a 6hrs/wk increase in total leisure time sitting 
(Model 1) relative to the reference category. These effects were only slightly 
attenuated in the fully adjusted Model 2. Being obese at one measurement 
phase prior to Phase 5 was associated with around 2.5 hrs/wk higher TV 
viewing time at Phase 5 but not total LT sitting.  There were no associations 
between prior obesity and work sitting, non-TV LT sitting, or total sitting.  
  
8.4. Discussion 
The current study is the first to examine the nature and direction of cross-
sectional and prospective associations between type specific sitting time and 
obesity.  No evidence of cross-sectional or prospective associations between 
the five sitting time indicators and prevalent or incident obesity were found. 
Conversely, prior obesity was associated with higher levels of TV viewing time 
at Phase 5.  
 
The absence of any associations between sitting time and obesity in this 
study is not consistent with a number of previous studies which have 
demonstrated positive prospective associations between sitting time and 
obesity,66 191 markers of body composition,217 and weight gain.246 One possible 
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explanation for the lack of an apparent association between sitting time and 
obesity in the present data is a higher than average energy expenditure accrued 
as a consequence of walking and standing for transport in the Whitehall II 
cohort. The mean reported walking time for the whole sample was 40.71 
(±20.83) mins/day, which is considerably higher than the population average 
reported in the 2005 UK Time Use Survey (17 mins/day).314 This difference may 
reflect the commuting habits of London professionals who, due to the public 
transport infrastructure, may be more likely to walk and stand (on buses and 
trains) on their journey to work, than people residing and working in other areas 
of the country who may be more accustomed to commuting by car.313  Hu et 
al191 observed that while sitting time was positively associated with obesity risk, 
time spent standing or walking around was associated with a significant 
reduction in obesity risk. In addition, it has previously been demonstrated that 
habitual active transport may moderate the association between TV viewing and 
obesity.199 360  The volume of MVPA reported by this cohort is also high in 
comparison with other prospective studies. It has been observed previously that 
London civil servants report higher levels of physical activity than the age 
matched wider population.319 One possible explanation for why the results in the 
current study differ from previous prospective studies is that the total daily 
energy expenditure attributable to habitual active commuting and leisure time 
physical activity is higher than that observed in other cohorts and sufficient to 
counter the risk of obesity due to prolonged sitting.  
 
  In the current analysis obesity prior to Phase 5 was associated with TV 
viewing at Phase 5, although the association was not linear. The strongest 
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association was in participants who were obese at all time points. These 
observations are consistent with findings from previous studies which have also 
reported that measures of body weight and composition were prospectively 
associated with sitting time,83 having a sedentary lifestyle250 and reduced 
physical activity levels,357 358 while reporting no association in the other 
direction. One such study83 observed that after adjustment for covariates, 
baseline sedentary time was not predictive of changes in body weight, BMI, fat 
mass or waist circumference at follow-up. However, when the adiposity 
outcomes were modelled as exposure variables, all four significantly and 
independently predicted sitting time at follow-up. In the same study, changes in 
body weight, BMI and fat mass between baseline and follow-up were predictive 
of sitting time at follow-up. Of the previous studies that have shown an 
association between indicators of sitting time and markers of obesity, only one 
adjusted for earlier BMI.66  A recent report of a UK birth cohort  also found that 
following adjustment for baseline BMI, observed positive associations between 
TV viewing frequency at age 23 and cardiovascular risk factors and waist 
circumference at age 44 were attenuated to null.197  
 
The finding that an effect of prior obesity was only associated with time 
spent watching television and leisure time sitting is logical as arguably people 
can exert more control over how much time they spend sitting at home 
compared to at work.  Also, as discussed previously TV viewing may be easier 
to recall than other sitting behaviours which may be more sporadic, and the 
greater recall error associated with these behaviours may attenuate any true 
association towards null. Sitting at work may also be less prone to recall error, 
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but this study has limited ability to detect associations between work sitting and 
obesity due to the lack of variance in work related sitting amongst employees of 
the civil service.  
 
8.4.2. Strengths and limitations 
The large sample size and prospective design are major strengths of this 
study, as is the objective measurement of BMI by trained professionals. It was 
also possible to take account of a number of important confounding factors, 
notably employment grade, alcohol intake, self-rated health, physical activity, 
and physical functioning. Physical functioning could significantly impact upon 
sitting time as physical limitation could dictate an individual’s choice of leisure 
time activity. Periods of limited physical functioning due to injury or ill health 
may somewhat artificially inflate an individual’s reported sitting behaviour and if 
not considered could be a source of confounding. This is the first study to 
account for a measure of physical functioning when examining prospective 
associations between sitting time and obesity. The availability of multiple 
measures of BMI which precede data on sitting time allowed for the examination 
of reverse causality in the relationship between sitting and obesity and is 
another significant strength of the study. 
 
The present study is not without limitation. Occupational cohort 
participants are by definition sufficiently healthy to be in active employment 
which may reduce the extent to which conclusions may be generalised to a 
wider population. Although participants who were obese or who had previous 
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history of cardiovascular disease were excluded from the prospective analysis it 
was not possible to assess health status during the follow-up period. It is 
therefore possible that underlying illness during follow-up may have caused 
weight loss in some participants and this may have contributed to the null 
findings in the present analyses.  
 
Women are underrepresented in this cohort, comprising approximately a 
quarter of the analysis groups. Individuals in the lowest employment grade were 
also underrepresented in this sample comprising only 11% in the cross-
sectional analysis group, and only 9% in the prospective analysis group, with 
the remainder split approximately equally between the higher two employment 
grades. A recent prospective analysis of data from this cohort demonstrated 
that over a ten year follow up period, individuals in higher employment grades 
showed significantly smaller increases in waist circumference and BMI.320 
Therefore it is possible that the underrepresentation of the lower employment 
grades may have disproportionally reduced the incidence of obesity observed in 
the current sample.  
 
The reliance on self-report measures may have led to misclassification of 
sitting which, if non-differential, would attenuate the association between sitting 
and obesity risk toward the null. A more precise measure of sitting time may 
have led to stronger associations. As BMI is a more precise measure than 
sitting in the current study it is possible that a significant association was more 
likely to be observed when obesity was modelled as an exposure. However, 
items used to construct the sitting variables in the current study have been used 
 
 
227 
 
elsewhere,191 and validated.303 In addition, previous Whitehall II publications 
have shown associations between self-reported health behaviours, including 
physical activity, and obesity suggesting that questionnaire items on health 
behaviour have predictive validity.361   
 
Previous studies have shown beneficial effects of LPA on obesity risk191 
which are not evident in this cohort and may in part be due to the omission of 
walking from the computation of LPA. Although analyses were adjusted for 
walking time how much of it was light or moderate intensity is unknown. 
 
The results of this study and those of others suggest a complex 
relationship in which the direction of the association between adiposity and 
sitting time is not entirely certain. Uncertainty also remains as to whether time 
spent sitting is simply a proxy for low total daily energy expenditure274 or 
whether sitting itself represents an independent risk for obesity. Further 
prospective or experimental research, with more precise measurement of time 
spent in specific sitting behaviours, is required to better determine if adiposity or 
weight gain leads to more sitting or vice-versa. Future studies also need a 
precise measurement of the potential confounding effect of energy balance.  
 
8.5. Conclusions 
This is the first study to examine the cross-sectional and prospective 
associations between five different sitting types with obesity. Time spent sitting 
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while at work, television viewing, and non-TV leisure time sitting were not 
associated with incident or prevalent obesity in this occupational cohort. Obesity 
was associated with the amount of time an individual spent sitting while 
watching television suggesting that the relationship between sedentary 
behaviour and obesity may be more complex than has been suggested 
previously. The possibility of reciprocal or reverse causality in this association 
requires further research attention. 
 
This study was published in February 2013 in the American Journal of 
Preventive Medicine. (AJPM. 2013 Feb;44(2):132-8. doi: 
10.1016/j.amepre.2012.10.009).  
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Table 8.1. Subject characteristics at baseline (Phase 5 1997-99)  
  Whole sample Sitting Group (Total from work and leisure time) 
   1 2 3 4 
n  1971  1 (n= 408) 2 (n=562) 3 (n=496) 4 (n=505) 
Age (yrs) 52.00 (4.10) 53.00 (4.70) 52.00 (3.70) 52.00 (3.70) 52.00 (4.00) 
Male (%) 72.81  17.77        28.85        26.13        27.25  
BMI 26.00 (4.10) 26.00 (4.10) 26.00 (3.80) 26.00 (3.80) 26.00 (4.10) 
Waist Circumference (cm) 88.69 (11.63) 88.20 (12.44) 88.19 (11.43) 88.78 (11.34) 89.57 (11.38) 
Weight  (Kg) 78.00 (14.00) 77.00 (14.00) 77.00 (13.00) 78.00 (13.00) 79.00 (14.00) 
Walking (mins/d) 41.39 (20.32) 42.50 (20.96) 42.09 (20.12) 39.82 (20.01) 41.28 (20.28) 
MVPA (hrs/wk)  11.83 (9.86) 10.86 (9.88) 12.10 (9.87) 12.42 (10.08) 11.74 (9.59) 
Employment 
Grade (%) 
Administrative 44.09  12.66        31.53        28.88        26.93  
Prof/Executive 44.80  23.33        26.95        23.78        25.93  
Clerical/Support 11.11  42.01        22.83        15.98        19.18  
Alcohol consumption 
(units/wk) 
14.00 (15.00) 12.00 (14.00) 14.00 (14.00) 15.00 (15.00) 15.00 (16.00) 
Smoking 
Status (%) 
Never 54.85       19.98        28.68        25.62        25.72  
Ex 34.70     21.78        29.39        24.42        24.42  
Current 10.45  20.87        24.76        25.24        29.13  
Self-rated 
health (%) 
Very Good 48.55  19.33        30.83        26.85        22.99  
Good 40.49  20.93        26.32        24.94        27.82  
Fair or Poor 10.96  25.93        26.39        18.52        29.17  
Data are mean(sd) unless otherwise stated. 
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Table 8.2. Obesity risk according to categories of sitting behaviours from cross-sectional and prospective analyses  
Analysis Sitting Type N (Cases) Referent 2 3 4 
   OR OR CI OR CI OR CI 
Cross sectional Work 1954 (252) 1 1.21 0.77, 1.88 1.02 0.68, 1.55 1.03 0.68, 1.55 
Phase 5 (97-99) TV 1359 (183)  1.22 0.70, 2.13 1.35 0.80, 2.28 1.35 0.77, 2.38 
 Non TV LT 1200 (143)  1.05 0.63, 1.74 1.52 0.93, 2.49 0.80 0.43, 1.46 
 LT 1937 (251)  1.32 0.91, 1.90 0.94 0.65, 1.37 1.27 0.83, 1.95 
 Total 1971 (256)  0.79 0.53, 1.18 0.89 0.60, 1.34 0.83 0.56, 1.25 
          
Prospective  Work 1545 (97) 1 0.87 0.43, 1.75 0.85 0.44, 1.62 1.10 0.59, 1.96 
Phase 5-7 (97-04) TV 1071 (66)  0.99 0.43, 2.24 1.04 0.48, 2.25 0.97 0.41, 2.29 
 Non TV LT 959 (65)  1.07 0.54, 2.11 0.97 0.48, 1.99 0.88 0.40, 1.95 
 LT 1534 (96)  0.94 0.53, 1.67 1.03 0.58, 1.83 1.28 0.67, 2.47 
 Total 1559 (98)  0.55 0.30, 1.03 0.79 0.44, 1.43 0.95 0.51, 1.74 
Adjusted for age, gender, ethnicity, employment grade, smoking status, weekly alcohol intake, self-rated health, physical functioning, daily walking time, and 
time spent in moderate to vigorous physical activity. Bold typeface= statistical significance (P≤0.05                                                                                                                                                                                                                                                                                                                                  
Analysis Groups: Cross-sectional and prospective analyses; Work 1=0-20hrs.wk, 2=21-30hrs.wk, 3= 31-39hrs.wk, 4=≥40hrs.wk; TV 1=0-6hrs.wk, 
2=7=11hrs.wk, 3=12-18hrs.wk, 4= ≥19hrs.wk; Non-TV LT 1=0-6hrs.wk, 2=7-11hrs.wk, 3=12-16hrs.wk, 4=≥17hrs.wk. Cross-sectional analysis; LT 1=0-
11hrs.wk, 2=12-15hrs.wk, 3=16-25hrs.wk, 4=≥25hrs.wk; Total 1=0-33hrs.wk, 2=34-48hrs.wk, 3=49-56hrs.wk, 4=≥57hrs.wk. Prospective analysis; LT 1=0-
9hrs.wk, 2=10-15hrs.wk, 3=16-25hrs.wk, 4=≥26hrs.wk  
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Table 8.3. Hours per week of sitting at Phase 5 according to occasions of prior obesity  
Obesity was classified from recalled weight at age 25 (from Phase 1 questionnaire), and BMI at Phase 1, and 3. Coefficients are sitting time (hrs/wk) with 
95%CI. Model 1 - adjusted for age and sex only Model 2 – additionally adjusted for employment grade, ethnicity, smoking status, weekly alcohol intake, self-
rated health, physical functioning, daily walking time, and time spent in moderate to vigorous physical activity. Bold typeface= statistical significance (P≤0.05)                                                                                                                                                                                                                                                                         
  
   Sitting type   
Obesity Work Sitting 
(n=1858) 
TV Viewing 
(n=1286) 
Non-TV Leisure Time 
Sitting 
(n=1146) 
Leisure Time Sitting 
(n=1843) 
Total Sitting 
(n=1874) 
 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
0 
 
0 0 0 0 0 0 0 0 0 0 
1 -1.96 
(-4.55,0.61) 
-2.13 
(-4.66, 0.38) 
2.72 
(0.36, 5.08) 
2.43 
(0.07, 4.78) 
-1.81 
(-4.68,1.06) 
-2.07 
(-4.98,0.83) 
0.39 
(-1.98,2.77) 
0.06 
(-2.32, 2.44) 
-1.89 
(-5.67,1.87) 
-2.45 
-6.21,1.31 
2 -0.18 
(-3.18, 2.81) 
0.70 
(-2.22, 3.63) 
-0.33 
(-2.71, 2.64) 
-0.62 
(-3.29, 2.04) 
-0.82 
(-4.37, 2.72) 
-1.13 
(-4.74, 2.47) 
-0.92 
(-3.72,1.88) 
-1.46 
(-4.27,1.34) 
-0.87 
(-5.30, 3.56) 
-0.74 
-5.16, 3.68 
3 0.99 
(-4.82, 6.82) 
2.57 
(-3.11, 8.25) 
8.78 
(3.73, 13.84) 
7.41 
(2.36, 12.46) 
-2.76 
(-9.35, 3.82) 
-2.87 
(-9.49,3.76) 
5.91 
(0.51,11.31) 
5.20 
(0.19, 10.6) 
7.47 
(-1.14,16.08) 
8.24 
(-0.33,16.82) 
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Chapter 9 
The prevalence of self-reported sitting and 
accelerometer derived sedentary time in England 
 
9.1. Introduction 
As described in chapter 3 there is a body of evidence suggesting that 
sitting represents an independent risk to health. It is unclear whether the 
mechanism underpinning these associations relates to sitting behaviour itself or 
the displacement of physical activity, particularly that of light intensity. Once the 
exact physiological and temporal aspects of the effect of high volumes of sitting 
(or low levels of light intensity activity) on disease risk have been established 
the logical next step would be to design targeted behavioural interventions to 
reduce this risk. In order to effectively target and deliver such interventions 
accurate estimates of the prevalence of sitting across different population 
subgroups is vital. While a number of UK based cohort studies have examined 
the associations between sitting and health outcomes 55 65 66 68 83 117 216 268, no 
population based estimates of sitting time from representative samples have 
been reported for England.362   
 
Specific sitting behaviours have different correlates and determinants 
and have differential associations with health outcomes (chapters 7 and 8). It is 
therefore necessary to examine the population prevalence of common specific 
sitting behaviours as well as the total volume of sitting. In light of the limitations 
and potential for misclassification associated with the measurement of sitting 
using both objective and self-report measures it is also necessary to separately 
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examine data from questionnaires and device based measures to assess 
potential differences in associations and population estimates. The following 
chapter aims to examine the prevalence of both self-reported leisure time sitting 
behaviours and accelerometer defined sedentary behaviour and their 
associations with a range of sociodemographic and health related factors, using 
data from the 2008 Health Survey for England. 
 
9.2. Methods 
The Health Survey for England (HSE) comprises a series of annual surveys 
of which the 2008 survey is the eighteenth. The HSE is part of a range of 
surveys currently commissioned by the NHS Information Centre for Health and 
Social Care (before 2005 commissioned by the Department of Health). Each 
survey features an interview and a nurse’s visit that provide core data on 
demographic characteristics, health behaviours, anthropometric measurements 
and analysis of blood and saliva samples with the overall aims to; 
 
1. Provide annual data from nationally representative samples to monitor 
trends in the nation’s health; 
2. Estimate the proportion of people in England who have specified health 
conditions; 
3. Estimate the prevalence of certain risk factors associated with these 
conditions; 
4. Examine differences between subgroups of the population (by age, sex 
or income) in their likelihood of having specified conditions or risk factors; 
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5. Assess the frequency with which particular combinations of risk factors 
are found and in which groups these combinations commonly occur; 
6. Monitor progress towards selected health targets 
7. (Since 1995) measure the height of children at different ages, replacing 
the National Study of Health and Growth; and 
8. (Since 1995) monitor the prevalence of overweight and obesity in 
children 
 
The primary focus of the 2008 HSE was physical activity and fitness and this 
included assessment of sitting using both self-report and accelerometry. Self-
report information on physical activity and sedentary behaviour was collected in 
the 2008 survey using the enhanced long version of the HSE physical activity 
questionnaire.363 The questions for the HSE were originally derived from the 
English National Fitness Survey, a major national study of physical activity and 
fitness which was carried out in 1990.364 These questions were first used in the 
1991 HSE and were repeated until 1994 after which various revisions produced 
a shorter and longer version of the questionnaire (the short version was last 
used in 2006). In 2008 the enhanced version of the long questionnaire was 
used in the main HSE for the first time. Importantly it included questions related 
to sedentary behaviour due to the emerging evidence regarding the importance 
of sedentary behaviour as a risk factor for disease. These items included a 
short set of questions relating to television viewing and other time spent sitting 
down in leisure time activities during weekdays and on weekends. These 
questions were validated in 2007.365  
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9.2.2. Participants and sampling 
The core sample of the Health Survey for England 2008 was designed to 
be representative of the population living in private households in England. Like 
previous HSE surveys, the 2008 survey adopted a multistage stratified 
probability sampling design. To maximise the precision of the sample, primary 
sampling units (PSUs) (based on postcode sectors) were ordered by local 
authority and within each local authority, by the percentage of households in the 
2001 Census with a head of household in a non-manual occupation (NS-SEC 
groups 1-3). Primary sampling units were then selected from this list by 
sampling at fixed intervals from a random starting point. A total of 1176 PSUs 
were selected with the probability of selection proportional to the number of 
addresses within each PSU.  Within each selected PSU a random sample of 
postal address (delivery points) was drawn. For the HSE core sample all adults 
aged 16 years or over at each household were selected for interview (up to a 
maximum of 10 adults). A subsample of PSUs were selected to participate in 
accelerometer data collection. In the selected addresses up to two adults were 
selected to take part with 4507 adults invited in total. 363  
 
9.2.3. Outcome measures 
9.2.3.1. Self-reported sitting time  
In the 2008 HSE participants were asked to report their average TV 
viewing and other sitting behaviour during leisure time for weekend and 
weekdays separately, using the following questions; 
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In the last four weeks, how much time did you spend sitting down watching TV 
(including DVD’s and videos on an average weekday (that is Monday to 
Friday)? Please do not include time spent doing these activities while at work. 
The same question was used for weekend days (that is Saturday and Sunday) 
 
In the last four weeks, how much time did you spend sitting down doing any 
other activity on an average weekday (that is Monday to Friday)? Please do not 
include time spent doing these activities while at work. 
Again the same question was used for weekend days.  
 
Example activities included reading, eating, studying, drawing, using a 
computer, and playing video games. For each question participants recorded a 
value in hours and minutes which was subsequently converted to total minutes 
of TV viewing or sitting (excluding TV - from this point to be described as non-
TV sitting) for the purposes of analyses. Total leisure time sitting (in minutes) 
was computed as the sum of TV viewing and non-TV sitting.366 Sitting while at 
work could not be considered in the analyses as the questionnaire item referring 
to occupational sitting asks for a combined estimate of time spent sitting and 
standing at work.  As the specific posture of sitting behaviour is an important 
part of its definition, a combined measure of sitting and standing would not 
provide an accurate estimate of sitting prevalence. 
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9.2.3.2. Accelerometer defined sedentary time 
A randomly selected subsample of participants were asked to wear a 
uniaxial accelerometer (Actigraph GT1M) on their hip during all waking hours for 
seven consecutive days. Participants were also provided with a log book to 
document their accelerometer wear time including instances when the monitor 
was removed for bathing, swimming, contact sports, and for periods of cycling 
or rowing (due to the movement patterns of these activities this type of 
accelerometer may underestimate their intensity). Data was summarised in one 
minute epochs and non-wear time was considered as periods of 60 consecutive 
minutes of zero accelerometer counts with allowance of up to two consecutive 
minutes of 1-100 counts per minute. Specialist data reduction software (Kinesoft 
version 3.0.98, New Brunswick, Canada) was used to quantify sedentary time 
(defined as time spent below 200 counts per minute) for each valid 
measurement day.  In order for a day to be valid for inclusion in the analyses, 
participants had to have worn the monitor for a minimum of 600 minutes. 
Sedentary time in minutes was then averaged across valid days. 
 
9.2.4. Explanatory variables 
The sociodemographic covariates included in this analysis were age, 
gender, employment grade and index of multiple deprivation (IMD) score. Age 
was reported in 10 year age categories from 16 upwards (16-24, 25-34, 35-44, 
45-54, 55-64, ≥65yrs). Participant’s employment grade was classified into three 
groups (managerial and professional occupations, intermediate occupations 
and routine and manual occupations) according to the three level version of the 
National Statistics Socioeconomic Classification (NS-SEC). Index of multiple 
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deprivations is a relative measure of overall neighbourhood deprivation based 
on seven separate dimensions: income, employment, health and disability, 
education, crime, barriers to housing and services, and living environment. A 
higher score based on ranking in these seven dimensions indicate a higher 
level of area deprivation.367 IMD score in current analyses is divided into 
quintiles.  
 
Health related covariates included self-reported general health (reported 
as (very good/ good, fair, or bad/very bad), BMI classification and physical 
activity level. Participants were classified according to their BMI as underweight 
(BMI< 18.5 kg/m2), normal weight (18.5-24.9 kg/m2), overweight (25-30 kg/m2) 
obese (30-39.9 kg/m2) and morbidly obese (≥ 40kg/m2). In the 2008 HSE 
physical activity was self-reported using a validated questionnaire.365 Over 40 
items assessed participants occupational, lifestyle and leisure time activities 
including, walking, housework, gardening and manual work and participation in 
a wide range of sport and exercise activities. Based on this information the 
number of days on which a participant achieved 30 minutes of moderate to 
vigorous physical activity was calculated and  their overall activity level was 
classified as either low (less than day per week), medium (less than four days 
per week) or high (five or more days per week).366 
 
These explanatory variables were chosen as sitting time and 
accelerometer defined sedentary behaviour have been previously demonstrated 
to vary across gender and age categories32 61 and with various indicators of 
socioeconomic position.198 Overall physical activity level362, BMI200, and general 
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health status including presence of longstanding illness67 have also previously 
been associated with volume of sitting time. 
  
9.2.5. Statistical analyses 
Analysis of both self-reported leisure-time sitting and accelerometer 
defined sedentary time was limited to adults (over the age of 16yrs) who are in 
full-time employment and provided complete data for all covariates. Limiting the 
analysis to those in fulltime employment is important as people who are retired, 
unemployed or who work part time may have more discretionary time and this 
may bias comparisons of leisure time sitting behaviour. Analysis of self-reported 
leisure time sitting was additionally limited to those who had complete data on 
both TV viewing and sitting time. Analysis of accelerometer defined sedentary 
time was additionally limited to those who provided seven valid days (≥60 
minutes of wear time). By using less than seven days the computation of 
average values for physical activity and sedentary behaviour is complicated. For 
if inclusion was determined by having only four valid days then the number of 
weekdays (when participants are more likely to be at work) or weekend days 
(when more activity will be discretionary) included within those four days will 
affect the activity recorded within them, and therefore the estimates of average 
sedentary behaviour.   
 
Within the sample data was weighted to account for varying probabilities 
of selection and to reduce bias caused by non-response. A comprehensive 
description of the sample design363 and information regarding the weighting 
strategy 366 for the 2008 survey is available elsewhere.  
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Ordinary least squares regression analysis was used to examine self-
reported TV viewing time, mean non-TV leisure time sitting and total leisure 
time sitting, and accelerometer defined inactivity across gender, age, 
employment grade and IMD categories. Due to low numbers in the youngest 
and oldest age groups, age categories were collapsed to the following (16-34, 
35-44, 45-54, ≥55yrs). For the same reason the lowest two categories of 
general health (fair, and bad/very bad) were combined. The youngest age group 
(16-34 yrs), men, the highest employment grade (managerial and professional) 
the lowest IMD score (least deprived),  the most active group, the normal weight 
group (BMI 18.5-25.0 kg/m2) and those whose general health was very 
good/good served as reference categories for the analyses. In order to examine 
the possibility of selection bias due to the exclusion of those with missing data 
or those who did not meet accelerometer wear criteria, age, gender, 
employment grade IMD score and other covariates were compared between 
those who were included in the analyses and the wider HSE sample. In order to 
compare sedentary behaviour estimates between the analysis group and the 
wider HSE sample, self-reported leisure time sitting time for all participants who 
provided data (n=15102), and accelerometer defined sedentary time for all 
participants with at least one valid measurement day (n=2356) were 
summarised by age and gender. 
 
All analyses were carried out in 2014 using STATA SE version 13 and 
significance was set at 0.05. Data are presented as mean (± standard error) 
unless stated otherwise.  
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9.3. Results 
The final sample for the analysis of self-reported sitting consisted of 5255 
participants who had complete data for both TV viewing and non-TV leisure 
time sitting and covariates. Compared to the wider HSE population, inclusion in 
the analysis of self-reported sitting was associated with being male, slightly 
older, from a higher employment grade, living in an area with a lower multiple 
deprivation score, having a higher BMI, poorer general health and a higher 
activity level (P<0.001 for all).  
 
The final sample for analysis of accelerometer defined sedentary time 
included 466 people who had seven valid days of accelerometer wear time and 
complete data for all covariates. Compared to the whole  HSE accelerometer 
sample, the current sample were more likely to be male, slightly older, from a 
higher employment grade, living in an area with a lower multiple deprivation 
score, with a higher BMI, slightly worse self-rated general health and a higher 
activity level (p<0.001 for all). Compared to those included in the accelerometer 
sample, weekday TV viewing was significantly lower in those who did not meet 
the inclusion criteria (p=0.05) although the magnitude of the difference was 
relatively small (< 7 minutes per day). None of the other self-reported sitting 
indicators differed significantly between those who did and those who did not 
meet the inclusion criteria for the accelerometer sample.  Characteristics of the 
samples for both self-reported sitting and accelerometer defined sedentary time 
analyses are described in table 9.1.  
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Table 9.1. Sample characteristics for analysis of self-reported sitting and 
accelerometer defined sedentary time. 
  Self-Reported 
Sitting Group 
Accelerometer 
Group 
    
  N=5255 N=466 
    
Age  16-34 yrs 32.06 20.60 
(%) 35-44 yrs 27.05 24.89 
 45-54 yrs 24.70 27.04 
 ≥55 yrs 16.19 27.47 
    
Gender Male 61.85 64.16 
(%) Female 38.15 35.84 
    
Employment 
Grade  
Managerial and 
Professional 
47.07 47.42 
(%) Intermediate 22.38 22.96 
 Routine and Manual 30.55 29.61 
    
IMD Group 1 - Least Deprived 23.49 28.97 
(%) 2 20.93 24.68 
 3 20.82 19.10 
 4 19.49 16.31 
 5 - Most Deprived 15.28 10.94 
    
BMI <18.5 kg/m2 0.86 1.29 
(%) 18.5-24.9 kg/m2 33.94 28.97 
 25-29.9 kg/m2 40.04 45.71 
 30-39.9 kg/m2 23.68 22.75 
 ≥40 kg/m2 1.49 1.29 
    
General Health Very Good/Good 86.51 85.19 
(%) Fair/Bad/Very Bad 13.49 14.81 
    
Physical activity 
level 
Low 21.94 20.82 
(%) Medium 31.01 35.84 
 High 47.05 43.35 
    
 
Self-reported leisure time sitting time for all participants who provided 
data (n=15102), and accelerometer defined sedentary time for all participants 
with at least one valid measurement day (n=2356) are summarised in tables 
9.2, 9.3 and 9.4. Mean self-reported TV viewing time in current sample was 
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135.08 mins (±1.75) on weekdays and 168.62 (±2.18) mins on weekend days 
which is lower than the values reported in the wider HSE sample of 171.62 mins 
(± 0.95) and 185.70 (± 0.99) respectively. Similarly,  mean values for self-
reported daily non-TV leisure time sitting and total leisure sitting were lower 
than those reported in the wider sample (non-TV sitting: 99.68 [±1.55] mins for 
weekdays and 124.76 [±3.93] mins for weekend days compared to 132.79 [± 
0.89] and 142.31 [± 0.91] minutes respectively for the wider sample; Total 
sitting: 234.76 [±2.35] mins  for weekdays and 293.38 [±2.99] mins for weekend 
days compared to 304.58 [± 1.32] and 328.25 [± 1.36] respectively for the wider 
sample). Mean daily accelerometer defined sedentary time was slightly higher 
in the current sample compared with the wider HSE accelerometer group (593. 
23 [±7.19] compared to 578.14 [±1.94] mins).  
 
9.3.2. Gender differences  
Mean (and standard error) values for self-reported weekday TV viewing, 
non-TV sitting and total sitting are described in table 9.5. Women reported 
watching significantly less TV and sitting less in total than men during weekdays 
in model 1 (P=0.001 and P=0.002 respectively) and these differences persisted 
in the fully adjusted model (P=0.005 and P=0.002). There were no significant 
gender differences in weekday non-TV sitting in either model 1 or model 2.  
 
On weekend days women again reported watching significantly less TV 
than men and also reported less total sitting time in model 1 (P<0.001 for both) 
and model 2 (P=0.0002 and P=0.0001 respectively). Non TV sitting time was 
slightly lower in women than in men on weekend days although this was not 
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significant in the age adjusted analysis. However this difference did become 
significant following adjustment for all covariates in model 2 (P=0.05). Mean 
(SE) values for domain specific weekend sitting is described in table 9.6.  
 
In the accelerometer sample mean sedentary minutes per day did not 
differ significantly between men and women in either model 1 (P=0.11) or model 
2 (P=0.67). Mean (SE) values for accelerometer defined sedentary time are 
described in table 9.7. 
 
9.3.3. Age group differences 
TV viewing, non-TV sitting and total sitting on weekdays across age 
groups is described in table 9.8. In comparison with the reference category, 
weekday television viewing increased significantly with increasing age following 
adjustment for gender (Ptrend<0.001), and also in the fully adjusted model 
(Ptrend=0.035). Conversely the youngest age group reported more non-TV sitting 
on weekdays than the older age groups. This difference was significant in 
model 1 (Ptrend =0.03) but was attenuated following adjustment for covariates. 
Total weekday sitting was significantly higher in the oldest group compared to 
the youngest in both model 1 (Ptrend=0.001) and the fully adjusted model 
(Ptrend=0.004). 
 
On weekend days TV viewing time did not differ significantly across age 
categories in model 1 (Ptrend=0.58) or model 2 (Ptrend=0.16).  However the 
youngest age group reported more minutes of non-TV sitting than any of the 
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other age groups following adjustment for gender (Ptrend<0.001) and this 
persisted following adjustment for other covariates (Ptrend<0.001) . Similarly total 
sitting was highest in the youngest age group (ptrend=0.004) and this persisted in 
the fully adjusted model (ptrend<0.001). Mean (SE) values for domain specific 
weekend sitting is described in table 9.9. 
 
In the accelerometer sample mean sedentary minutes per day did not 
differ significantly across age groups in either model 1 (ptrend =0.57) or model 2 
(ptrend =0.39). Mean (SE) values for accelerometer defined sedentary time are 
described in table 9.10. 
 
9.3.4. Socioeconomic differences: Employment grade and area 
deprivation 
Associations between weekday TV viewing, non-TV sitting and total 
sitting and employment grade are described in table 9.11 and associations with 
IMD score are described in table 9.14. There was a significant inverse 
association between weekday TV viewing and employment grade after initial 
adjustment for age and gender (Ptrend<0.001) and in the fully adjusted model 
(Ptrend<0.001). There was also a significant increase in weekday TV viewing 
across quintiles of increasing multiple deprivation score in model 1 
(Ptrend<0.001) which persisted following adjustment for covariates (Ptrend=0.03).   
 
Conversely, there was a significant positive association between 
weekday non-TV sitting and employment grade in both model 1 (Ptrend<0.001) 
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and model 2 (Ptrend=0.002).  However, there was no significant association 
between non-TV sitting and IMD score. Total weekday sitting did not differ 
significantly across employment grades and although there was a significant 
increase in total sitting across quintiles of increasing area deprivation score in 
model 1 (Ptrend=0.004), this association was attenuated to null in the fully 
adjusted model (Ptrend=0.10). 
 
Associations between weekday TV viewing, non-TV sitting and total 
sitting and employment grade are described in table 9.12 and associations with 
IMD score are described in table 9.15. Weekend day TV viewing was inversely 
associated with employment grade in both model 1 and model 2 (Ptrend<0.001 
for both) and positively associated with area deprivation in model 1 only (Ptrend 
=0.03). As on weekdays, weekend day non-TV sitting was positively associated 
with employment grade in both model 1 and model 2 (Ptrend<0.001 for both) and 
there was no association with area deprivation score. There were also no 
significant associations between total weekend day sitting time and either 
employment grade or area deprivation score. 
 
  In the accelerometer sample there was a significant inverse association 
between accelerometer defined sedentary time and employment grade in both 
model 1 and model 2 (Ptrend<0.001 for both) with those in the lowest 
employment grade recording on average over 90 minutes less sedentary time 
per day than those in managerial and professional occupations. Accelerometer 
defined sedentary time was not significantly associated with IMD score. 
Associations between accelerometer defined sedentary time and employment 
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grade are described in table 9.13 and associations with IMD score are 
described in table 9.16. 
 
9.3.5. Health related differences: BMI, general health and activity level 
Associations between weekday self-reported sitting indicators with BMI, 
general health and activity level are described in tables 9.17, 9.20, and 9.23 
respectively. Body mass index was positively associated with both weekday TV 
viewing and total weekday sitting in both models 1 and 2 (Ptrend <0.001 for all) 
although there were no evident associations with weekday non-TV sitting. 
General health status was positively associated with both weekday TV viewing 
and total weekday sitting in model 1 and in model 2 (Ptrend<0.001 for all). 
Weekday non-TV sitting was not associated with general health status.   Activity 
level was inversely associated with weekday TV viewing (Ptrend<0.001 for 
models 1 and 2), weekday non-TV sitting (Ptrend=0.002 for model 1 and 0.006 
for model 2), and total weekday sitting (Ptrend<0.001 for models 1 and 2).  
 
Associations between weekend day self-reported sitting indicators with 
BMI, general health and activity level are described in tables 9.18, 9.21, and 
9.24 respectively. Body mass index was also positively associated with both 
weekend day TV viewing and total weekend day sitting in both models 1 and 2 
(Ptrend <0.001 for all) although again there were no evident associations with 
weekday non-TV sitting. General health status was positively associated with 
weekend TV (Ptrend<0.001 in model 1 and 0.002 for model 2) and total weekend 
day sitting (Ptrend<0.001 in model 1 and 0.013 for model 2). Activity level was 
inversely associated with weekend day TV viewing (Ptrend<0.001 for model 1 
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and 0.002 for model 2), weekday non-TV sitting (Ptrend<0.001 for model 1 and 
0.002 for model 2), and total weekday sitting (Ptrend<0.001 for models 1 and 2). 
 
Associations between accelerometer defined sedentary time and BMI, 
general health and activity level are described in tables 9.19, 9.22, 9.25 
respectively. Activity level was inversely associated with accelerometer defined 
total sedentary time in both model 1 (Ptrend <0.001) and in model 2 (Ptrend 
=0.002). Body mass index and general health status were not significantly 
associated with accelerometer defined sedentary time. 
 
9.4. Discussion 
The aim of this study was, for the first time, to examine the prevalence of 
specific self-reported leisure time sitting behaviours and average accelerometer 
defined sedentary time across age, gender and categories of selected 
socioeconomic and health related variables in an English population sample. 
 
Mean daily TV viewing time in the current sample was 135.08 mins 
(±1.75) on weekdays and 168.62 (±2.18) mins on weekend days.  These figures 
are slightly higher than those in previous analysis from the Whitehall II cohort 
(121.2 ± 2.02) (8.3.2) but lower than those reported in previous UK cohorts: 
EPIC-Norfolk (188.4 ± 0.78 mins),55 and the Scottish Health Survey  (203.21 ± 
1.45 minutes).198 This may reflect differences in TV viewing time between the 
various regions of the UK examined in these studies and the English population.  
It must also be acknowledged that the measure used in the Scottish Health 
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Survey was of screen time, including both TV viewing and computer use which 
may also in part explain the higher values observed compared to the current 
analysis which focussed on TV viewing alone. The English prevalence of leisure 
time sitting excluding TV viewing has not been examined previously although 
the values of 99.68 (±1.55) mins for weekdays and 124.76 (±3.93) minutes for 
weekends  are only slightly lower than the mean value observed in the previous 
analysis of data from the Whitehall II data (129.60 ±2.53 minutes) (8.3.2).  
 
Mean accelerometer defined sedentary time in the current analysis 
(593.23 ± 7.19 minutes) is higher than that recorded in population studies from 
both the US (478.90 ± 2.6 minutes, NHANES 2005-06)368 and Australia (504 ± 
7.41 minutes, AusDiab 2004-05).369 These studies included participants who 
wore an accelerometer for at least ten hours on at least one 368 and five 369 days 
out of 7. As the current analysis included only those with at least ten hours on 
seven days of the week it is possible that these differences might be due to the 
daily averages in these studies being computed from a greater proportion of 
weekend days (rather than two out of seven in the present analysis).  If people 
sit less at the weekends for example, the fewer working days that are included 
in the averages the less sedentary time will be measured and the lower the 
average value will be. These differences not only limit comparability between 
studies, but also undermine comparisons of average sedentary time between 
individuals and groups. In order to accurately determine the differences in 
sedentary time between groups it is important to either consider different 
segments of the day (i.e. occupational, and leisure time) separately, or ensure 
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that the proportions of measured work and leisure time are the same for all 
participants.  
 
Although the estimates reported in this chapter show small differences 
between the sample selected and the wider HSE sample they still suggest that 
on average that adults in England report spending approximately five hours per 
day sitting during the weekend and nearly four hours sitting on a weekday 
during non-work time. It is also likely that, given the previously discussed 
difficulties with accurately reporting common everyday behaviours such as 
sitting, this may be an underestimate of the true prevalence of sitting. It must 
also be considered that these estimates do not include occupational sitting and 
that an increasing proportion of the population in developed countries such as 
the UK are engaged in largely inactive occupations.320 This is reflected in the 
accelerometer defined sedentary time values (that capture all sedentary 
behaviour) which suggest that on average participants were sedentary for 
almost 10 hrs of the day. If, as postulated within the current literature, sitting 
time represents an independent risk to health the present analyses highlight the 
potential scale of the problem within the English population. 
 
9.4.2. Associations with gender 
Women reported sitting less during leisure time than men on both 
weekdays and weekend days. As there were no differences in non-TV leisure 
time sitting on either weekdays or weekend days this can be largely attributed to 
differences in TV viewing time. This finding is consistent with previous UK time-
use surveys314 and population based epidemiological studies from the UK,198  
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the US368 and Australia.370 The magnitude of the gender differences in daily TV 
viewing (between 10 and 15 minutes) is also comparable with data from 
Australia370 and the UK (Pulsford et al 2013 – unpublished data). While all 
participants in the current study were in full-time employment it is conceivable 
that the relatively small difference in TV viewing time might reflect women 
undertaking a greater proportion of domestic household tasks than men outside 
of working hours.  Conversely there were no observable gender differences in 
accelerometer defined sedentary time in the current analysis, which is in 
contrast to previous findings.32 61  These studies both required participants to 
wear accelerometers for a minimum of 10 hrs per day although they were only 
required to have one32 or four61 valid measurement days in order to be included 
in the analyses. Both these studies observed higher levels of daily sedentary 
time in women although it is possible that differences in accelerometer wear 
patterns between genders i.e. weekdays versus weekend days, may have 
contributed to these findings. The difference in findings between self-reported 
sitting and accelerometer defined sedentary time will be discussed later in the 
chapter.  
 
9.4.3. Associations with age 
In the current study, the youngest age group watched less TV and 
reported sitting less overall during leisure time than the older age groups 
although the absolute differences were very small (<8 minutes in fully adjusted 
analyses). This is in contrast with a previous population study from Australia 
which observed differences of close to 60 minutes per day between participants 
aged 25-44 and those aged over 65.370 However the study in question included 
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people who were unemployed, retired and in part time work which may have 
allowed for higher volumes of weekday TV viewing. As employment status is a 
strong correlate of TV viewing time201 370 and given that the probability of being 
retired or semi-retired would be greater after the age of 65, this may explain the 
larger age related increases in TV viewing compared to the current study.  At 
weekends the youngest age group reported sitting a lot more than the older age 
groups. It is likely that as there was no reported difference in weekend day TV 
viewing across age categories, that the difference in total leisure time sitting 
simply reflects differences in non-TV leisure time sitting activities such as 
computer use which have been demonstrated to be inversely associated with 
age.61  
 
Accelerometer defined sedentary time was not associated with age 
which is inconsistent with previous findings.32 61 In an analysis of data from 
NHANES from 2003-04 Matthews et al 32 observed a significant reduction in 
accelerometer defined sedentary  time between the youngest age group (20-29 
yrs) and the next group (30-39 yrs) after which sedentary time increased with 
increasing age. This trend remained when the findings were extended by Healy 
et al61 who combined data from the 2003-04 and 2005-06 surveys. However as 
discussed, it is possible that due to the inclusion of participants with only one 
valid day of accelerometer wear, differences in accelerometer wear patterns, 
rather than actual volume of sitting may have contributed to these findings. For 
example if participants in the younger age groups were more likely to wear their 
accelerometer at the weekend, when their time was more discretionary and they 
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could potentially be more active, then this could explain the lower sedentary 
time values recorded in these groups. 
 
9.4.4. Associations with socioeconomic position 
The observed inverse relationship between both weekday and weekend 
day TV viewing with employment grade, and the positive association with area 
deprivation score is consistent with previous findings.69 179 198 230 Stamatakis and 
co-workers198 observed similar associations between a combined measure of 
TV viewing and screen time with social class, as defined by occupational 
classification, and quintiles of area deprivation score, along with two other 
indicators of socioeconomic position.  It is possible that people engaged in more 
manual occupations compensate by sitting more outside of work.  However a 
number of studies have found no evidence of such compensatory behaviour. 
Mummery et al found no difference in leisure time activity across levels of 
occupational sitting.69 In addition if compensatory sitting is a factor then 
according to the current findings it extends only to TV viewing, as non-TV 
leisure time sitting was positively associated with employment grade. It is also 
possible that people from lower employment grades watch more television as 
they have less expendable income to engage in active leisure activities.198 
Conversely participants from higher employment grades may place greater 
value on sitting behaviours such as reading or have more disposable income for 
computers. The increase in weekday TV viewing with increasing area 
deprivation suggests that neighbourhood and environmental factors such as 
access to active leisure facilities or perceptions of safety may also influence 
choice of leisure activity. Physical activity facilities are fewer in less affluent 
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neighbourhoods which may reduce opportunities for active leisure activities371 
372 in favour of sedentary activities such a TV viewing. Concerns about personal 
safety in the neighbourhood environment are greater in lower SEP groups and 
are also associated with lower levels of physical activity.198 373   
 
The positive association between accelerometer defined sedentary time 
and employment grade would logically reflect the differences in occupational 
sitting between routine/manual professions and managerial professions. This is 
because the accelerometer wear period is likely to include a greater proportion 
of time at work compared to leisure time. 
  
The differential associations observed between sitting and sedentary 
time with employment grade and area deprivation score illustrate the 
multifaceted nature of socioeconomic position. It is therefore important to 
consider precisely how different aspects of socioeconomic position, which may 
variously reflect differences in the home and neighbourhood environment or the 
access and affordability of active leisure time activities, can influence sitting 
behaviour. The different associations with TV viewing and non-TV  leisure time 
sitting on weekdays and weekend days again highlights the importance of 
examining discrete sitting behaviours separately in the contexts in which they 
occur. A measure of total sedentary time, however precise, may mask these 
important differential associations.68 
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9.4.5. Associations with health indicators 
The observed positive association between both weekday and weekend 
day TV viewing time and total leisure time sitting with BMI is consistent with a 
number of cross sectional studies which have observed associations between 
BMI,198 223 241 waist circumference223 241 body composition,223 and obesity193 and 
self-reported sitting. Cross-sectional analyses do not provide insight into the 
direction of the association and evidence from prospective studies is 
equivocal.68 69 83 250 As discussed previously it is plausible that obesity could be 
both a cause and a consequence of high volumes of sitting. While low energy 
expenditure during sitting might contribute to a positive energy balance and 
subsequently to weight gain, people who are overweight and obese may 
choose sedentary activities such as TV viewing over more active leisure 
activities. 
 
Although a similar pattern was evident in the accelerometer data it was 
not statistically significant. As participants were instructed to wear the 
accelerometer during all waking hours, accelerometer defined sedentary time 
would include occupational activity while the self-report measures focus 
exclusively on leisure time activity. Accelerometer defined sedentary time would 
therefore contain large parts of the day during which behaviour is less 
discretionary (during working hours) and this would perhaps reduce the 
variance in the sample. It is possible that the homogeneity in overall 
accelerometer defined sedentary time within the sample and the reduced power 
due to the small sample, may have reduced the ability to detect differences in 
recorded volitional sedentary time across BMI classification groups.  
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The inverse association between self-reported general health status and 
TV viewing and total leisure time sitting is logical as people who perceive their 
health to be less than optimal would be more likely to choose less active leisure 
time activities. This is consistent with a number of previous studies which have 
reported cross-sectional associations between self-reported sitting and both 
general health status and specific disease outcomes.29 172 181   
 
Self-reported physical activity was inversely associated with 
accelerometer defined sedentary time. Evidence as to the association between 
sitting time and physical activity is mixed and may reflect the physical activity 
measure used. A number of studies have focussed on moderate to vigorous 
physical activity (MVPA), or adherence to public health guidelines relating to 
MVPA and findings are equivocal.198 368 370 Stamatakis et al198 reported that 
within the Scottish Health Survey screen time was inversely associated with 
likelihood of meeting current government guidelines of 150 minutes per week of 
MVPA, although no such association was observed in the Ausdiab cohort where 
daily TV viewing did not differ in those who did and did not adhere to public 
health recommendations regarding physical activity.370 While it is possible that 
high volumes of sitting time might displace some MVPA, the proportion of the 
day engaged in activity of this intensity is relatively small compared to light 
intensity activity. Therefore you would not necessarily expect differences in 
MVPA to be reflected in differences in sitting time. 
 
In the current analysis physical activity was examined using a summary 
measure that incorporates MVPA including sports and volitional exercise 
 
 
257 
 
participation, but also occupational and lifestyle physical activities which are 
important contributors to total physical activity. It is therefore logical that the 
observed inverse association would be due to sitting behaviours displacing 
some of these physical activity behaviours. When associations between sitting 
and total physical activity or physical activity energy expenditure have been 
considered similar inverse associations to those observed in the present 
analysis have been reported. Parsons et al observed a significant linear 
decrease in total physical activity energy expenditure across increasing 
categories of increasing TV viewing.374 
 
When sedentary time and physical activity are assessed by 
accelerometer only as duration in different intensity categories it is not possible 
to examine the association between sedentary time and all physical activity 
(including light moderate and vigorous intensity activity). The sum of the 
durations spent in these activity categories will account for 100% of 
accelerometer wear time so an increase in sedentary time would logically cause 
a reduction in time spent at other intensity categories. Due to this issue of 
collinearity, light intensity physical activity is often excluded from these analyses 
(as it is often almost the perfect inverse of sedentary time)54  and adjustment is 
only made for MVPA. The true association between physical activity and 
sedentary behaviour may therefore be masked.375  However the use of a 
comprehensive self-report measure of physical activity in the current analysis, 
allowed the examination of the association between accelerometer determined 
sedentary time and overall physical activity level. 
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9.4.6. Strengths and limitations 
A major strength of this study is the use of data from the HSE which 
provides a large, randomly selected, nationally representative and 
geographically heterogeneous sample with which to examine habitual sitting 
behaviour  in England.363 The richness of the HSE data also allowed the 
examination of associations between sitting and a range of relevant 
sociodemographic and health related covariates. Another strength of this study 
is the examination of three separate self-report measures of leisure time sitting 
as well as an objective measure of overall sedentary time. The differential 
associations observed between the various sociodemographic and health 
covariates and the three self-reported sitting indicators again highlights the 
importance of examining different sitting activities separately.   
 
This study is not without limitation. The analyses are cross-sectional and 
as such it is impossible to establish a causal relationship between 
sociodemographic and health related variables and the four sitting indicators. In 
the current analyses it was also not possible to examine self-reported 
occupational sitting, which is an important contributor to total daily sitting time. 
In the 2008 HSE the questionnaire item relating to occupational sitting asked 
participants to quantify the amount of time they spent sitting or standing at work. 
As the distinction between sitting and standing is an important feature of the 
definition of sedentary behaviour (i.e. behaviours involving sitting or reclining) 
this measure could not be included in the current analyses. As the 
questionnaire items relating to leisure time sitting focussed on sitting only, data 
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on occupational sitting and standing could not be effectively combined with 
leisure time sitting as a measure of total daily sitting.   
 
As discussed previously the use of both self-report measures of sitting 
and accelerometers to define sedentary time are not without limitation. 
Ubiquitous day to day activities such as sitting are difficult to accurately recall 
and quantify.93 The use of self-report measures can therefore lead to 
misclassification of sitting which if non-differential could attenuate the 
associations with exposures towards the null.92 Television viewing might also be 
easier to report accurately than non-TV sitting which may occur sporadically 
and for shorter periods. The difference in the precision of these measures may 
partially explain why in the current study TV viewing was more commonly 
associated with sociodemographic and health related exposures than non-TV 
sitting.  Conversely if misclassification was systematic it may have influenced 
the findings of the present analysis. For example if participants who reported 
their general health as being good or very good were more likely to under-report 
their daily sitting behaviour this could artificially inflate the difference in sitting 
observed across general health categories. Nevertheless self-report measures 
are vital in allowing the examination of specific sitting behaviours, in the 
contexts in which they occur. Although accelerometers provide objective 
assessment of sedentary time and as such are not affected by problems of 
reporting error or bias, they cannot accurately distinguish between postures, 
and the assumption that time spent below an arbitrary threshold value in 
movement acceleration represents sitting time can also lead to 
misclassification. It has been demonstrated previously that some standing 
activities return accelerometer count values below the 200cpm threshold 
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applied to the current data.115  It is also possible that some sitting behaviour 
might cause sufficient movement acceleration to be classified as light intensity 
activity.42 As discussed previously, a combination of both device based and self-
report measures of sedentary behaviour, the use of inclinometer based devices 
which can distinguish between sitting and standing, or the use of pattern 
recognition approaches to accurately and objectively identify specific 
behaviours could resolve these limitations in future population based cohort 
studies. 
 
Comparison of associations between accelerometer defined sedentary 
time and self-reported sitting are also problematic as the accelerometer data 
was collected over seven consecutive days while the self-report measures ask 
participants to describe typical sitting behaviours over the previous four weeks.  
While the differential associations observed in the current analysis between 
self-reported sitting time and accelerometer defined sedentary time may have 
been attributable in part to differences in what is being measured (leisure time 
sitting versus total sedentary time in both work and leisure time) they may also 
reflect differences between typical behaviour and actual measured behaviour 
during different measurement periods. 
 
In light of the differences between the study sample and total HSE 
sample the possibility of selection bias must also be acknowledged. For 
example, inclusion in the study was associated with being from a higher 
employment grade and living in a less deprived area. As both of these 
characteristics are associated with lower levels of sitting, general estimates of 
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sitting behaviour taken from the current study sample would likely be lower than 
the true population value.  
 
Self-reported weekday and weekend day sitting were lower in the study 
sample than in the total HSE sample, although the difference in weekend day 
sitting was far less pronounced. In addition, accelerometer defined sedentary 
time was slightly higher than in the whole HSE accelerometer subsample. 
Limiting the analysis of both the self-report sitting data and accelerometer data 
to those who are in fulltime employment, and further limiting the accelerometer 
data analysis to those who provided seven valid measurement days would 
certainly lead to a more homogenous study sample which may have limited the 
ability to detect important differences in sitting time between different population 
subgroups. Table 9.25 below compares the mean (SD) values for 
accelerometer defined sedentary time and self-reported siting for weekdays and 
weekend days between those included in the current accelerometer sample 
(who have seven days of valid wear time) and those who have up to three valid 
days of accelerometer wear. A variance ratio test was carried out to examine 
the difference in the magnitude of the variance between groups.  
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Table 9.26.  Mean (SD) self-reported sitting and accelerometer defined 
sedentary time in those with seven days (at over 10 hrs) of valid accelerometer 
wear and those with up to three valid days.  
 
 ≤ 3 valid days  7 valid days p 
n 117 466  
Accelerometer defined 
sedentary time 
523.37 (119.44) 594.10 (93.19) 0.01 
      
SR - Weekday      
TV viewing 146.07 (78.86) 142.82 (78.39) 0.91 
Non-TV leisure sitting 102.64 (77.95) 99.27 (72.27) 0.28 
Total sitting 248.72 (113.58) 241.83 (105.56) 0.30 
      
SR- Weekend day      
TV viewing 161.66 (89.68) 175.73 (92.20) 0.73 
Non-TV leisure sitting 125.09 (87.73) 124.44 (86.94) 0.88 
Total sitting 286.75 (121.12) 299.59 (133.40) 0.21 
      
Size of the variance in each group for each measure compared using variance 
ratio test. Bold typeface indicates statistically significant difference between 
groups (p<0.05) 
 
In the self-report data the size of the variance did not differ significantly 
between those with seven and those with up to three valid days of 
accelerometer wear. However the mean accelerometer defined sedentary time 
is less, and the variance is significantly greater in those with up to three valid 
days. It is possible that the reduced variance in the accelerometer data in the 
study sample contributed to some of the null findings in the current analyses 
and may explain why associations that are present in in the self-report data are 
not present in the accelerometer data.  
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However it must also be considered that associations observed in the 
self-report data may be due to differential levels of social desirability bias and 
reporting bias across categories of the various explanatory variables. For 
example it is possible that the observed positive association between self-
reported TV viewing and area deprivation is due to people from less deprived 
areas under reporting their TV viewing more than those in more deprived areas. 
This association could therefore simply reflect differences in reporting due to 
greater or lesser negative connotations placed on TV viewing at different levels 
of the social strata, rather than any actual difference in behaviour. These 
associations would be lost when sedentary behaviour is measured objectively. 
 
While a more homogenous sample may in part explain some of the null 
findings in the current study, the inclusion of only people in full time employment 
is an important feature of these analyses as it prevented comparisons of leisure 
time sitting being made between people with vastly different amounts of leisure 
time (i.e. time away from work).  For example, women, and those in the oldest 
age category are less likely to be in fulltime employment and therefore would 
have more leisure time. Estimates of daily non-occupational sitting for these 
groups may therefore be inflated and associations with other sociodemographic 
or health related factors biased by these differences in employment status. 
Similarly, while inclusion in the accelerometer sample of people who are not in 
full time employment or those with fewer than seven valid days of 
accelerometer wear would have allowed for a larger sample size, it also allows 
for variation between participants in the number of working and non-working 
days included in the computation of their average sedentary time values 
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(minutes per valid day of measurement). Those people with relatively sedentary 
occupations who only wore the accelerometer on working days would have 
more measured sedentary time (and therefore more sedentary time per valid 
measurement day) than people with the same occupations who wore the 
monitor only at weekends. As discussed previously the use of waterproof, wrist 
worn accelerometers which needn’t be taken off at any point during a seven day 
measurement period could allow for 24 hour measurement which would 
eliminate the problematic effects of differences in wear time for future 
population based measurement of physical activity and sedentary behaviour.  
 
9.5. Conclusions 
  In conclusion, the current study aimed to examine both self-reported 
leisure time sitting and accelerometer defined sedentary time within a 
representative sample of the UK population according to a number of 
sociodemographic and health related variables. Findings suggest that overall, 
adults in the UK spend around 10 hrs per day on average engaged in sedentary 
behaviours including around two and a quarter hours on weekdays and 3 hrs at 
weekends watching television although these values vary between population 
subgroups. Associations with sociodemographic and health related factors also 
differed between leisure time sitting behaviours which demonstrates the need to 
examine these behaviours separately. Had the current analysis relied on either 
self-reported total sitting or accelerometer defined sedentary time these 
important differential associations would have been missed. While the current 
findings cannot address the causes of these associations they do provide 
original descriptive data on variations in volumes of sitting and sedentary 
behaviour between population subgroups in the UK. As described previously, it 
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is unclear whether high volumes of sitting have been associated with adverse 
health consequences as a result of a specific mechanism attributable to sitting 
itself or whether it is due to the displacement of light intensity physical activity. 
In either event there is a case for increasing total physical activity (and in doing 
so displacing sitting) as part of a strategy to improve population wide health. 
These findings have the potential to inform such initiatives by identifying 
population groups in which high volumes of sitting are most prevalent.  
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Table 9.2. Self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting (minutes per day)on weekdays for all HSE 
participants by age and gender. Data are mean (standard error) 
 Weekday TV Sitting (mins/day) Weekday Non-TV Sitting Total Weekday Sitting 
 Men Women Total Men Women Total Men Women Total 
16-34 yrs 
 
146.67 (2.55) 
N= 1729 
150.55 (2.24) 
N=2140 
148.81 (1.68) 
N=3869 
145.36 (2.95) 
N= 1729 
133.48 (2.38)  
N=2140 
138.79 (1.86) 
N=3869 
292.05 (3.90) 
N= 1729 
283.91 (3.39) 
N=2140 
287.55 (2.56) 
N=3869 
35-44 yrs 
 
149.02 (3.17) 
N=1222 
136.46 (2.45) 
N=1514 
142.07 (1.97) 
N=2736 
104.69 (2.47) 
N=1222 
105.49 (2.23) 
N=1514 
105.49 (1.65) 
N=2736 
253.49 (4.13) 
N=1222  
241.75 (3.40) 
N=1514 
246.99 (2.64) 
N=2736 
45-55 yrs  158.33 (3.39) 
N=1101 
151.01 (2.76) 
N=1374 
154.26 (2.15) 
N=2475 
106.71 (2.65) 
N=1101 
109.86 (2.41) 
N=1374 
108.46 (1.78) 
N=2475 
265.06 (4.44) 
N=1101  
260.47 (3.79) 
N=1374  
262.51 (2.89) 
N=2475 
55+ 
 
206.16 (2.44) 
N=2708 
207.39 (2.10) 
N=3314 
206.83 (1.59) 
N=6022 
85.25 (2.26) 
N=2708 
90.54 (2.01) 
N=3314 
150.66 (2.07) 
N=6022 
353.91 (3.18)  
N=2708 
359.52 (2.87) 
N=3314 
356.99 (2.13) 
N=6022 
Overall 172.82 (1.46) 
N=6760 
170.65 (1.24) 
N=8342 
171.62 (0.95) 
N=15102 
132.86 (1.35) 
N=6760 
132.13 (1.18) 
N=8342 
132.45 (0.89) 
N=15102 
305.46 (1.99) 
N=6760 
302.44 (1.76) 
N=8342 
303.79 (1.32) 
N=15102 
 
Table 9.3. Self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting (minutes per day)on weekend days for all HSE 
participants by age and gender. Data are mean (standard error) 
 Weekend day TV Sitting (mins/day) Weekend day Non-TV Sitting Total Weekend day Sitting 
 Men Women Total Men Women Total Men Women Total 
16-34 yrs 
 
172.81 (2.95) 
N=1729 
165.40 (2.43) 
N=2140 
168.71 (1.88) 
N=3869 
159.91 (3.03) 
N=1729 
139.39 (2.44) 
N=2140 
148.56 (1.92) 
N=3869 
332.41 (4.24) 
N=1729 
304.64 (3.53) 
N=2140 
317.05 (2.72) 
N=3869 
35-44 yrs 
 
181.97 (3.50) 
N=1222 
159.07 (2.64) 
N=1514 
169.30 (2.15) 
N=2736 
123.27 (2.76) 
N=1222 
114.07 (2.26) 
N=1514 
118.18 (1.72) 
N=2736 
304.93 (4.53) 
N=1222 
272.75 (3.57) 
N=1514 
287.12 (2.84) 
N=2736 
45-55 yrs  186.82 (3.78) 
N=1101 
165.22 (2.83) 
N=1374 
174.38 (2.31)  
N=2475 
123.15 (2.93)  
N=1101 
126.98 (2.62) 
N=1374 
125.24 (1.95) 
N=2475 
308.83 (4.79) 
N=1101 
291.75 (3.89) 
N=1374 
299.38 (3.04) 
N=2475 
55+ 
 
213.01 (2.51) 
N=2708 
205.19 (2.13) 
N=3314 
208.71 (1.63) 
N=6022 
152.70 (2.28) 
N=2708 
156.94 (2.05) 
N=3314 
155.04 (1.52) 
N=6022 
365.13 (3.30) 
N=2708 
361.65 (3.02) 
N=3314 
363.21 (2.23) 
N=6022 
Overall 193.25 (1.54) 
N=6760 
180.46 (1.26) 
N=8342 
186.19 (0.98) 
N=15102 
144.99 (1.39) 
N=6760 
140.18 (1.20) 
N=8342 
142.34 (0.91) 
N=15102 
338.08 (2.06) 
N=6760 
320.45 (1.79) 
N=8342 
328.34 (1.35) 
N=15102 
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Table 9.4. Accelerometer defined sedentary time (average minutes per valid measurement day at <200 counts per minute) for all HSE 
participants with ≥ 1 day of valid measurement day (≥ 600 minutes of wear) by age and gender. Data are mean (standard error)  
 Accelerometer Defined Sedentary Time (time spent below 200 cpm, in mins per day) 
 Men Women Total 
16-34 yrs 
(213 Male & 281 Female) 
562.94 (7.18) 
n=213 
546.03 (5.31) 
n=281 
553.32 (4.34)  
n=494 
35-44 yrs 
(164 male & 197 female) 
575.61 (8.27) 
n=164 
531.20 (6.58) 
n=197 
551.37 (5.32)  
n=361 
45-55 yrs  
(186 male & 217 female) 
571.25 (7.46) 
n=186 
559.99 (5.59) 
n=217 
565.19 (4.58)  
n=403 
55+ 
(501 male & 597 female) 
614.52 (4.07) 
n=501 
593.10 (3.23) 
n=597 
   602.87 (2.57)  
n= 1098 
Overall 590.59 (3.09) 
n=1064 
567.76 (2.43) 
n=1292 
578.07 (1.94) 
n=2356 
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Table 9.5. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekdays with gender 
 Sex N Weekday TV (mins) Weekday non-TV sitting (mins) Total weekday sitting (mins) 
Model   Mean SE Mean SE Mean SE 
 Male 3251 139.44 1.55 100.33 1.34 239.76 2.09 
 Female 2004 130.72 1.91 99.03 1.75 229.76 2.60 
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 Male 3251 0  0 0 0  
 Female 2004 -8.34 -13.12,   -3.55 -1.81 -6.15,    2.53 -10.15 -16.67,   -3.62 
 Ptrend  0.001  0.414  0.002  
2 Male 3251 0  0 0 0  
 Female 2004 -7.01 -11.92,   -2.09 -3.43 -7.93,     1.04 -10.45 -17.15,    -3.75 
 Ptrend  0.005  0.13  0.002  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age only, Model two adjusted for age, IMD, employment grade, BMI, habitual physical activity level and general health 
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Table 9.6. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekend days with 
gender 
 Sex N Weekend day TV (mins) Weekend day non-TV sitting 
(mins) 
Total weekend day sitting 
(mins) 
Model   Mean SE Mean SE Mean SE 
 Male 3251 175.43 2.00 125.44 1.73 300.87 2.72 
 Female 2004 161.81 2.35                   
124.08 
2.20 285.89 3.25 
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 Male 3251 0  0  0  
 Female 2004 -13.36 -19.41,   -7.31 -2.55 -8.04,    2.94 -15.92 -24.24,   -7.60 
 Ptrend  0.0001  0.362  0.0001  
2 Male 3251 0  0  0  
 Female 2004 -11.48 -17.55,   -5.40 -5.58 -11.22,  0.05 -17.06 -25.50,   -8.63 
 Ptrend  0.0002  0.05  0.0001  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age only, Model two adjusted for age, IMD, employment grade, BMI, habitual physical activity level and general health 
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Table 9.7. Regression analyses for accelerometer defined sedentary time (average minutes per valid measurement day at <200 counts per 
minute) with gender  
Model Sex N Average daily sedentary time (minutes at<200 cpm) 
   Mean SE 
 Male 299 595.18 7.29 
 Female 167 591.29 7.08 
     
   Coefficient 95% CI 
1 Male 299 0  
 Female 167 14.66 -3.20,    32.53 
 Ptrend  0.11  
2 Male 299 0  
 Female 167 3.24 -11.65,    18.31 
 Ptrend  0.67  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and accelerometer wear time only, Model two adjusted for age, accelerometer wear time, IMD, employment grade, BMI, 
habitual physical activity level and general health 
 
 
 
 
 
 
 
 
 
 
 
271 
 
Table 9.8. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekdays with age  
 Age Category N Weekday TV (mins) Weekday non-TV sitting (mins) Total weekday sitting (mins) 
Model   Mean SE Mean SE Mean SE 
 16-34 1685 132.88 2.16 103.53 1.89 236.41 2.91 
 35-44 1421 136.77 2.39 97.43 2.17 234.19 3.41 
 45-54 1297 134.45 2.23 96.26 1.90 230.67 2.87 
 55+ 852 148.73 2.96 101.39 2.60 250.12 3.84 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 16-34 1685 0  0  0  
 35-44 1421 3.89 -2.42, 10.20 -6.02 -11.66, -0.38 -2.08 -11.62, 5.94 
 45-54 1297 2.65 -3.45, 8.74 -7.12 -12.42, -1.80 -6.13 -14.15, 1.89 
 55+ 852 17.03 9.81, 24.24 -2.02 -8.37, 4.33 12.85 3.38, 22.31 
 Ptrend  <0.0001  0.03  0.0009  
2 16-34 1685 0  0  0  
 35-44 1421 0.35 -6.06, 6.76 -6.20 -11.87, -0.54 -5.70 -14.53, 3.13 
 45-54 1297 -2.73 -8.88, 3.41 -7.32 -12.68, -1.96 -9.48 -17.65, -1.31 
 55+ 852 7.76 0.51, 15.00 -2.44 -8.88, 4.00 6.54 3.15, 16.22 
 Ptrend  0.04  0.33  0.004  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for gender only, Model two adjusted for gender, IMD, employment grade, BMI, habitual physical activity level and general health 
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Table 9.9. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekend days with age  
 Age Category N Weekend day TV (mins) Weekend day non-TV sitting 
(mins) 
Total weekend day sitting 
(mins) 
Model   Mean SE Mean SE Mean SE 
 16-34 1685 170.07 2.88 135.42 2.56 305.49 3.99 
 35-44 1421 172.38 2.86 117.27 2.50 289.65 3.90 
 45-54 1297 167.74 2.90 120.06 2.55 287.80 3.87 
 55+ 852 174.37 3.60 121.04 3.09 295.41 4.83 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 16-34 1685 0  0  0  
 35-44 1421 1.43 -6.52, 9.39 -18.30 -25.31, -11.30 -16.87 -27.87, -5.96 
 45-54 1297 -2.90 -10.91, 5.12 -15.46 -22.55, -8.35 -18.35 -29.27, -7.43 
 55+ 852 3.10 -5.98, 12.18 -14.59 -22.49, -6.69 -11.49 -23.82, -0.82 
 Ptrend  0.58  0.0001  0.004  
2 25-34 1685 0  0  0  
 35-44 1421 -2.69 -10.64, 5.25 -19.43 -26.49, -12.37 -22.13 -33.07, -11.18 
 45-54 1297 -8.73 -16.71, -0.75 -16.79 -23.95, -9.62 -25.52 -36.51, -14.53 
 55+ 852 -6.08 15.21, 3.06 -16.43 -24.61, -8.25 -22.51 -35.17, -9.85 
 Ptrend  0.16  0.0001  0.0001  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for gender only, Model two adjusted for gender, IMD, employment grade, BMI, habitual physical activity level and general health 
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Table 9.10. Regression analyses for accelerometer defined sedentary time (average minutes per valid measurement day at <200 counts per 
minute) with age  
 Age Category N Average daily sedentary time (minutes at<200 cpm) 
Model   Mean SE 
 16-34 96 577.88 11.31 
 35-44 116 594.17 12.33 
 45-54 126 594.53 8.99 
 55+ 128 613.07 8.84 
     
   Coefficient 95% CI 
1 16-34 96 0  
 35-44 116 1.81 -23.49, 27.11 
 45-54 126 -6.33 -32.03, 19.67 
 55+ 128 11.38 -14.88, 37.64 
 Ptrend  0.57  
2 16-34 96 0  
 35-44 116 -13.16 -36.36, 10.04 
 45-54 126 -14.18 -37.94, 9.58 
 55+ 128 -2.47 -28.22, 23.28 
 Ptrend  0.39  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for gender, and accelerometer wear time only, Model two adjusted for gender, IMD, employment grade, BMI, habitual physical 
activity level and general health 
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Table 9.11. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekdays with 
employment grade  
 Employment Grade N Weekday TV (mins) Weekday non-TV sitting (mins) Total weekday sitting (mins) 
Model   Mean SE Mean SE Mean SE 
 Managerial and pro 2472 125.05 1.65 102.48 1.55 227.53 2.29 
 Intermediate 1176 141.67 2.69 97.22 2.25 238.90 3.56 
 Routine and man 1607 149.57 2.25 97.91 1.94 247.47 3.05 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 Managerial and pro 2472 0  0  0  
 Intermediate 1176 14.85 8.63,    21.06 -6.12 -11.59,   -0.66 8.72 0.33,    17.11 
 Routine and man 1607 21.14 15.52,  26.77 -6.63 -11.49,   -1.77 14.51 6.99,    22.03 
 Ptrend  <0.0001  0.01  0.0005  
2 Managerial and pro 2472 0  0  0  
 Intermediate 1176 14.50 8.30,    20.71 -5.93 -11.38,   -0.49 8.57 0.21,    16.94 
 Routine and man 1607 21.19 15.59,  26.78 -6.13 -11.05,   -1.21 15.06 7.49,    22.63 
 Ptrend  <0.0001  0.02  0.0004  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, IMD, BMI, habitual physical activity level and general health 
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Table 9.12. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekend days with 
employment grade 
 Employment Grade N Weekend day TV (mins) Weekend day non-TV sitting 
(mins) 
Total weekend day sitting 
(mins) 
Model   Mean SE Mean SE Mean SE 
 Managerial and 
professional 
2472 162.71 2.07 132.23 1.99 294.94 2.92 
 Intermediate 1176 172.06 3.31 121.23 3.02 293.28 4.56 
 Routine and manual 1607 181.65 3.03 116.85 2.36 298.49 4.00 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 Managerial and 
professional 
2472 0  0    
 Intermediate 1176 9.53 1.81,    17.25 -11.18 -18.26,   -4.09 -1.64 -12.34,   9.05 
 Routine and manual 1607 16.85 9.55,    24.15 -17.39 -23.71,   -11.07 -0.54 -10.52,    9.44 
 Ptrend  <0.0001  <0.0001  0.95  
2 Managerial and 
professional 
2472 0  0    
 Intermediate 1176 9.51 1.83,    17.18 -11.08 -18.14,   -4.032 -1.58 -12.20,    9.04 
 Routine and manual 1607 17.33 10.03,    24.63 -16.65 -22.99,   -10.32 0.68 -9.27,   10.62 
 Ptrend  <0.0001  <0.0001  0.93  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, IMD, BMI, habitual physical activity level and general health 
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Table 9.13. Regression analyses for accelerometer defined sedentary time (average minutes per valid measurement day at <200 counts per 
minute) with employment grade 
 Employment Grade N Average daily sedentary time (minutes at<200 cpm) 
Model   Mean SE 
 Managerial and 
professional 
221 634.10 5.68 
 Intermediate 107 591.41 12.78 
 Routine and manual 138 536.03 9.48 
     
   Coefficient 95% CI 
1 Managerial and 
professional 
221 0  
 Intermediate 107 -34.59 -55.17,   -14.00 
 Routine and manual 138 -96.47 -114.43,   -78.50 
 Ptrend  <0.0001  
2 Managerial and 
professional 
221 0  
 Intermediate 107 -32.07 -51.95,   -12.19 
 Routine and manual 138 -92.11 -110.19,   -74.03 
 Ptrend  <0.0001  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age, gender and accelerometer wear time only, Model two adjusted for age, gender, IMD, BMI, habitual physical activity level 
and general health 
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Table 9.14. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekdays with Index of 
Multiple Deprivation (IMD) Score  
 IMD Quintile N Weekday TV (mins) Weekday non-TV sitting (mins) Total weekday sitting (mins) 
Model   Mean SE Mean SE Mean SE 
 1 (Least deprived) 1236 129.08 2.28 100.00 2.14 229.08 3.10 
 2 1100 135.91 2.66 97.84 2.38 233.75 3.69 
 3 1094 135.10 2.54 99.50 2.251 234.59 3.48 
 4 1023 137.87 2.73 101.67 2.44 239.53 3.61 
 5 (Most deprived) 802 147.76 3.53 100.62 2.85 248.38 4.72 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 1 (Least deprived) 1236 0  0  0  
 2 1100 7.18 0.36,    14.01 -1.73 -7.95,    4.50 5.46 -3.89,    14.80 
 3 1094 6.55 -0.11,    13.21 -0.34 -6.40,     5.71 6.21 -2.88,    15.29 
 4 1023 10.18 3.22,    17.14 1.24 -5.11,    7.58 11.42 2.13,    20.72 
 5 (Most deprived) 802 20.22 12.00,    28.44 0.21 -6.79,      7.20 20.43 9.37,    31.48 
 Ptrend  0.0001  0.94  0.005  
2 1 (Least deprived) 1236 0  0  0  
 2 1100 6.11 -0.59,   12.82 -1.09 -7.40,    5.19 5.06 -4.17,    14.30 
 3 1094 4.16 -2.41,    10.74 -0.04 -6.10,    6.01 4.27 -4.76,    13.31 
 4 1023 6.17 -0.72,   13.06 2.87 -3.36,    9.30 7.67 -1.57,    16.90 
 5 (Most deprived) 802 12.84 4.61,    21.08 2.03 -5.06,   9.13 13.30 2.27,    24.34 
 Ptrend  0.04  0.78  0.10  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, employment grade, BMI, habitual physical activity level and 
general health 
 
 
 
 
 
 
278 
 
Table 9.15. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekend days with 
Index of Multiple Deprivation (IMD) Score  
 IMD Quintile N Weekend day TV (mins) Weekend day non-TV sitting 
(mins) 
Total weekend day sitting 
(mins) 
Model   Mean SE Mean SE Mean SE 
 1 (Least deprived) 1236 166.93 2.87 127.64 2.72 294.57 3.98 
 2 1100 165.63 3.26 119.63 2.83 285.26 4.49 
 3 1094 169.61 3.19 126.31 3.00 295.92 4.50 
 4 1023 172.20 3.50 127.20 3.26 299.40 4.82 
 5 (Most deprived) 802 182.49 4.77 123.45 3.56 305.94 6.18 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 1 (Least deprived) 1236 0  0  0  
 2 1100 -1.35 -9.85, 7.15 -7.28 -14.96, 0.38 -8.63 -20.39, 3.11 
 3 1094 2.34 -6.04, 10.74 -1.41 -9.34, 6.51 0.93 -10.80, 12.66 
 4 1023 5.51 -3.35, 14.38 -2.05 -10.33, 6.23 3.47 -8.79, 15.72 
 5 (Most deprived) 802 15.74 4.80, 26.70 -5.79 -14.62, 3.05 9.96 -4.53, 24.46 
 Ptrend  0.03  0.34  0.15  
2 1 (Least deprived) 1236 0  0  0  
 2 1100 -2.36 -10.75, 6.03 -5.83 -13.44, 1.78 -8.19 -19.77, 3.39 
 3 1094 0.55 -7.78, 8.88 0.62 -7.29, 8.54 1.18 -10.51, 12.87 
 4 1023 2.46 -6.39, 11.31 1.45 -6.88, 9.78 3.91 -8.36, 16.19 
 5 (Most deprived) 802 9.35 -1.59, 20.31 -1.49 -10.47, 7.48 7.86 -6.75, 22.48 
 Ptrend  0.35  0.42  0.24  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, employment grade, BMI, habitual physical activity level and 
general health 
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Table 9.16. Regression analyses for accelerometer defined sedentary time (average minutes per valid measurement day at <200 counts per 
minute) by quintiles with Index of Multiple Deprivation (IMD) Score 
 IMD Quintile N Average daily sedentary time (minutes at<200 cpm) 
Model   Mean SE 
 1 (Least deprived) 135 609.86 7.90 
 2 115 599.87 9.54 
 3 89 576.44 12.09 
 4 76 577.16 15.46 
 5 (Most deprived) 81 594.61 21.90 
     
   Coefficient 95% CI 
1 1 (Least deprived) 135 0  
 2 115 -0.61 -22.20,    20.98 
 3 89 -25.54 -48.31,   -2.77 
 4 76 -14.63 -43.54,     14.27 
 5 (Most deprived) 81 -25.08 -57.13,    6.98 
 Ptrend  0.14  
2 1 (Least deprived) 135 0  
 2 115 1.87 -15.89,    19.62 
 3 89 -6.68 -26.97,    13.62 
 4 76 1.29 -23.26,    25.83 
 5 (Most deprived) 81 -0.97 -27.54,     20.02 
 Ptrend  0.95  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age, gender and accelerometer wear time only, Model two adjusted for age, gender, employment grade, BMI, habitual 
physical activity level and general health 
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Table 9.17. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekdays with BMI 
classification  
 BMI N Weekday TV (mins) Weekday non-TV sitting (mins) Total weekday sitting (mins) 
Model   Mean SE Mean SE Mean SE 
 <18.5 45 132.55 13.40 116.09 10.15 248.64 15.03 
 18.5-25 782 126.03 2.04 101.72 1.88 227.75 2.78 
 25-30 2106 137.09 1.90 96.72 1.69 233.81 2.62 
 30-40 1244 149.25 2.52 102.07 2.08 251.32 3.31 
 >40 78 165.33 9.67 97.55 9.55 262.88 13.84 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 <18.5 45 7.15 -19.69, 33.99 12.97 -6.47, 32.41 20.11 -9.12, 47.35 
 18.5-25 782 0  0  0  
 25-30 2106 9.88 4.27, 15.49 -4.07 -9.09, 0.94 5.80 -1.80, 13.40 
 30-40 1244 21.96 15.49, 28.44 1.79 -3.80, 7.37 23.75 15.15, 32.35 
 >40 78 39.97 20.46, 59.47 -2.38 -21.61, 16.86 37.59 9.44, 65.74 
 Ptrend  <0.0001  0.11  <0.0001  
2 <18.5 45 4.98 -20.66, 30.62 13.03 -6.75, 32.81 18.01 -9.59, 45.62 
 18.5-25 782 0  0  0  
 25-30 2106 9.28 3.71, 14.84 -4.24 -9.24, 0.75 5.01 -2.53, 12.56 
 30-40 1244 18.88 12.46, 25.29 0.88 -4.78, 6.54 19.77 11.17, 28.38 
 >40 78 32.39 13.66, 51.12 -4.45 -23.77, 14.87 27.95 0.55, 55.36 
 Ptrend  <0.0001  0.15  <0.0001  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, IMD, employment grade, habitual physical activity level and 
general health 
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Table 18. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekend days with BMI 
classification  
 BMI N Weekend day TV (mins) Weekend day non-TV sitting 
(mins) 
Total weekend day sitting 
(mins) 
Model   Mean SE Mean SE Mean SE 
 <18.5 45 144.34 14.50 122.58 13.52 266.92 20.47 
 18.5-25 782 157.58 2.55 127.00 2.36 284.58 3.56 
 25-30 2106 171.11 2.46 121.94 2.14 293.05 3.33 
 30-40 1244 189.42 3.21 125.81 2.71 315.23 3.33 
 >40 78 192.53 12.91 148.20 15.73 340.72 21.64 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 <18.5 45 -11.16 -40.11, 17.78 -6.53 -33.05, 19.98 -17.70 -57.83, 22.46 
 18.5-25 782 0  0  0  
 25-30 2106 12.83 5.73, 19.94 -2.24 -8.56, 4.07 10.59 0.91, 20.27 
 30-40 1244 32.06 23.90, 40.22 3.14 -4.09, 10.37 35.20 24.01, 46.40 
 >40 78 37.55 11.72 25.65 -5.56, 56.86 63.20 19.77, 106.63 
 Ptrend  <0.0001  0.26  <0.0001  
2 <18.5 45 -13.17 -41.90, 15.55 -5.36 -31.54 -18.53 -57.95, 20.88 
 18.5-25 782 0  0  0  
 25-30 2106 12.12 5.04, 19.20 -2.39 -8.67, 3.90 9.73 0.06, 19.41 
 30-40 1244 29.36 21.13, 37.59 2.16 -5.11, 9.43 31.52 20.21, 42.82 
 >40 78 30.57 4.90, 56.24 23.14 -7.93, 54.22 53.71 10.71, 96.71 
 Ptrend  <0.0001  0.38  <0.0001  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, IMD, employment grade, habitual physical activity level and 
general health 
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Table 9.19. Regression analyses for accelerometer defined sedentary time (average minutes per valid measurement day at <200 counts per 
minute) with BMI classification 
 BMI Category N Average daily sedentary time (minutes at<200 cpm) 
Model   Mean SE 
 <18.5 6 587.25 67.79 
 18.5-25 135 576.48 9.04 
 25-30 213 599.23 8.60 
 30-40 106 607.71 10.96 
 >40 6 565.61 21.42 
     
   Coefficient 95% CI 
1 <18.5 6 25.80 -49.30, 100.91 
 18.5-25 135 0  
 25-30 213 18.98 -3.00, 40.96 
 30-40 106 28.54 0.85, 56.23 
 >40 6 1.04 -50.21, 52.30 
 Ptrend  0.28  
2 <18.5 6 11.96 -30.66, 54.58 
 18.5-25 135 0  
 25-30 213 14.38 -2.99, 31.76 
 30-40 106 19.25 -4.93, 43.44 
 >40 6 0.32 -51.30, 51.94 
 Ptrend  0.45  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age,  gender and accelerometer wear time only, Model two adjusted for age, gender, IMD, employment grade, habitual 
physical activity level and general health 
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Table 9.20. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekdays with self-
rated general health status  
 General Health N Weekday TV (mins) Weekday non-TV sitting (mins) Total weekday sitting (mins) 
Model   Mean SE Mean SE Mean SE 
 Good/Very Good 4547 132.8 1.26 99.31 1.14 232.19 1.71 
 Fair/ Bad/Very Bad 708 159.06 3.81 103.41 3.06 261.46 5.43 
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 Good/Very Good 4547 0  0  0  
 Fair/ Bad/Very Bad 708 25.65 17.74, 33.55 4.59 -1.78, 10.59 30.24 19.60, 40.88 
 Ptrend  <0.0001  0.18  <0.0001  
2 Good/Very Good 4547 0  0  0  
 Fair/ Bad/Very Bad 708 18.30 10.28, 26.33 3.67 -2.85, 10.19 21.98 11.16, 32.80 
 Ptrend  <0.0001  0.49  <0.0001  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, IMD, employment grade, BMI, and habitual physical activity level  
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Table 9.21. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekend days with self-
rated general health status  
 General  Health N Weekend day TV (mins) Weekend day non-TV sitting 
(mins) 
Total weekend day sitting 
(mins) 
Model   Mean SE Mean SE Mean SE 
 Good/Very Good 4547 167.39 1.63 124.96 1.46 292.35 2.23 
 Fair/ Bad/Very Bad 708 191.31 4.58 124.86 3.82 316.17 6.26 
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 Good/Very Good 4547 0  0  0  
 Fair/ Bad/Very Bad 708 24.79 15.21, 34.36 1.42 -6.57, 9.40 26.46 13.40, 39.53 
 Ptrend  <0.0001  0.73  0.0001  
2 Good/Very Good 4547 0  0  0  
 Fair/ Bad/Very Bad 708 16.96 5.03, 25.31 -0.23 -8.50, 8.05 16.94 3.58, 30.30 
 Ptrend  0.002  0.96  0.013  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, IMD, employment grdae, BMI, and habitual physical activity level  
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Table 9.22. Regression analyses for accelerometer defined sedentary time (average minutes per valid measurement day at <100 counts per 
minute) with self-rated general health status 
 Age Category N Average daily sedentary time (minutes at<200 cpm) 
Model   Mean SE 
 Good/Very Good 397 593.27 5.97 
 Fair/ Bad/Very Bad 69 599.45 13.18 
     
   Coefficient 95% CI 
1 Good/Very Good 397 0  
 Fair/ Bad/Very Bad 69 8.68 -16.81, 34.16 
 Ptrend  0.50  
2 Good/Very Good 397 0  
 Fair/ Bad/Very Bad 69 10.44 -10.92, 31.80 
 Ptrend  0.29  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age, gender and accelerometer wear time only, Model two adjusted for age, gender, IMD, employment grade, BMI, and 
habitual physical activity level  
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Table 9.23. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekdays with overall 
physical activity level 
 Activity Level N Weekday TV (mins) Weekday non-TV sitting (mins) Total weekday sitting (mins) 
Model   Mean SE Mean SE Mean SE 
 Low 1153 149.81 2.85 105.12 2.37 254.92 3.86 
 Medium 1630 133.34 2.02 101.25 1.89 234.58 2.77 
 High 2472 132.42 1.74 96.70 1.53 229.12 2.33 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 Low 1153 0  0  0  
 Medium 1630 -15.90 -22.76,   -9.05 -4.06 -10.05,    1.93 -19.99 -29.37,   -10.63 
 High 2472 -17.68 -24.30,   -10.90 -9.51 -15.20,   -3.84 -27.22 -36.27,   -18.16 
 Ptrend  <0.0001  0.0023  0.0001  
2 Low 1153 0  0  0  
 Medium 1630 -11.15 -17.95,   -4.34 -4.45 -10.43,    1.54 -15.62 -24.95,   -6.30 
 High 2472 -16.02 -22.53,   -9.50 -9.08 -14.86,   -3.30 -25.12 -34.19,   -16.04 
 Ptrend  <0.0001  0.0064  0.0001  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, IMD, employment grade, BMI, and general health 
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Table 9.24. Regression analyses for self-reported TV viewing, non-TV leisure time sitting and total leisure time sitting on weekend days with 
overall physical activity level 
 Activity Level N Weekend day TV (mins) Weekend day non-TV sitting 
(mins) 
Total weekend day sitting 
(mins) 
Model   Mean SE Mean SE Mean SE 
 Low 1153 180.70 3.36 133.26 3.16 313.96 4.72 
 Medium 1630 171.18 2.49 128.07 2.38 299.25 3.49 
 High 2472 166.01 2.35 119.34 1.93 285.35 3.13 
         
   Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI 
1 Low 1153 0  0  0  
 Medium 1630 -10.14 -18.32, -1.97 -6.37 -14.13, 1.39 -16.51 -27.99, -5.03 
 High 2472 -16.39 -24.42, -8.36 -16.61 -23.99, -9.23 -33.00 -44.19, -21.81 
 Ptrend  0.0003  <0.0001  <0.0001  
2 Low 1153 0  0  0  
 Medium 1630 -5.54 -13.67, 2.59 -7.88 -15.61, -0.15 -13.42 -24.87, -1.97 
 High 2472 -13.48 -21.50, -5.47 -15.08 -22.39, -7.75 -28.56 -39.74, -17.37 
 Ptrend  0.003  0.0002  <0.0001  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age and gender only, Model two adjusted for age, gender, IMD, employment grade, BMI, and general health 
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Table 9.25. Regression analyses for accelerometer defined sedentary time (average minutes per valid measurement day at <200 counts per 
minute) with overall physical activity level 
 Activity level N Average daily sedentary time (minutes at<200 cpm) 
Model   Mean SE 
 Low 97 614.05 15.78 
 Medium 167 619.85 7.67 
 High 202 565.80 7.19 
     
   Coefficient 95% CI 
1 Low 97 0  
 Medium 167 -6.62 -33.20,    19.97 
 High 202 -49.51 -75.73,   -23.29 
 Ptrend  <0.0001  
2 Low 97 0  
 Medium 167 -18.39 -40.09,    3.31 
 High 202 -42.78 -64.53,   -21.02 
 Ptrend  0.0002  
Bold typeface indicates significance (p<0.05). Analyses are limited to those in fulltime employment and with complete data for self-reported sitting and all 
covariates. Model 1 adjusted for age, gender, and accelerometer wear time only, Model two adjusted for age, gender, IMD, employment grade, BMI, and 
general health 
 
  
 289 
 
Chapter 10.  
The differential effects of sustained and interrupted 
sitting on glucose metabolism 
 
10.1. Introduction 
Over the last ten years there has developed a body of evidence reporting 
cross-sectional and longitudinal associations between sedentary behaviour and 
health outcomes that are not explained simply by a lack of MVPA. Extended 
periods of sitting are argued to represent an increased risk of future disease, 
irrespective of levels of reported MVPA. As discussed previously (3.10.3) the 
most consistent of these associations appears to be between sitting time and 
metabolic diseases such as Type 2 diabetes,56 190 191 and prediabetes including 
abnormal glucose tolerance 34 35 173 288 and  insulin resistance.376 
 
In a cross-sectional study Healy et al 109 observed a negative association 
between the daily volume of accelerometer defined sedentary time and markers 
of insulin sensitivity and lipid metabolism in adults. Further, the ‘breaks’ in 
sedentary time were associated with a lower waist circumference, BMI, 
triglycerides and plasma glucose.  The associations were independent of the 
total volume of sedentary time, duration and intensity of breaks, and total 
physical activity. In other words, breaking up long periods of sedentary time, for 
any length of time and any intensity of activity, appeared to be beneficial. As 
discussed (3.8) the results of Healy et al109 suggest that extended uninterrupted 
periods of sedentary time may be more important than simply the total time 
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spent sedentary per day. Despite the growth in the evidence base, 
methodological limitations mean that uncertainty remains about causal 
associations between sedentary time and health and the mechanisms by which 
any associations occur. More specifically, key questions remain about the 
classification of sedentary time inferred from accelerometer data, discriminating 
between the effects of low/no movement and the posture of sitting, and the 
confounding effects of daily energy expenditure.   
 
10.1.2. Insulin function and insulin resistance  
Insulin is a major fuel-regulating hormone secreted by the pancreatic 
beta cells in response to food intake and whilst it enables adequate cellular 
energy supplies by allowing glucose to enter cells e.g. by Glucose Transporter 
Protein 4 (GLUT-4) translocation, it is also a regulator of circulating glucose 
levels.  In skeletal muscle and adipose tissue, insulin stimulates the uptake of 
glucose from the blood by the translocation of GLUT-4 glucose transporter to 
the cell surface. In the skeletal muscle and liver tissue, insulin stimulates the 
synthesis of glycogen from glucose and inhibits glycogenolysis. In the liver 
insulin also decreases hepatic gluconeogenesis, preventing an influx of more 
glucose into the bloodstream. In adipose tissue, insulin promotes lipogenesis 
and stimulates glucose uptake. The net effect of all these functions is to enable 
glucose uptake to organs as a vital energy substrate and to reduce postprandial 
blood glucose.267 In insulin resistance the insensitivity of muscle, adipose and 
liver cells to insulin causes increased insulin production from the pancreas in 
order to maintain the clearance of glucose from the blood. Continued insulin 
resistance can lead to elevated circulating glucose levels. These elevated 
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glucose concentrations are first noted postprandially but fasting glucose can 
also become elevated, which is a hallmark of Type 2 diabetes. 
 
There is cross sectional evidence linking high volumes of sitting time with 
reduced insulin sensitivity54  although the time scales over which these effects 
may take place has only recently been investigated using experimental 
manipulation of sitting.  As discussed previously, due to the burden of disease 
attributable to diabetes, its increasing prevalence and its role in the 
development of cardiovascular disease, an understanding of modifiable lifestyle 
factors that lead to a reduction  in insulin resistance has considerable potential 
for health gain.   
 
10.1.3. Existing sitting intervention studies 
A small number of randomised control trials have investigated the acute 
effects of continuous versus interrupted sitting on a number of metabolic 
outcomes including insulin sensitivity. Dunstan et al273 compared the effects of 
three separate 7 hr sitting conditions on glucose and insulin levels following the 
ingestion of a mixed test drink in overweight and obese adults (aged 45-65yrs). 
One condition involved uninterrupted sitting, while during the other two, sitting 
was interrupted by repeated 2 minute bouts of either light (3.2km/h) or moderate 
(5.8-6.4km/h) intensity walking. All participants completed all conditions in a 
randomised cross-over design. They observed that compared to the 
uninterrupted sitting condition, interrupting sitting with walking reduced the 
glucose and insulin responses to the mixed test drink by 30% and 23% 
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respectively. A smaller and less prolonged increase in circulating glucose and 
insulin indicates a more sensitive and efficient response of body tissues to deal 
with the energy provided by the test meal. No difference was observed between 
the light and moderate intensity walking conditions indicating that regularly 
interrupting sitting with any intensity of walking has a beneficial effect on 
glucose and insulin metabolism. However, what is not clear from this study is 
whether the reductions in glucose and insulin concentrations were due to the 
act of disrupting sitting, or whether they were due to the higher total energy 
expenditure accumulated during the repeated walking bouts.  
 
Stephens et al274 used a similar three trial design to examine insulin 
action in a younger (aged 19-32yrs) population. The first two trials involved 
either a day of uninterrupted sitting (trial 1) or a day of activities designed to 
replicate the day to day movements of healthy adults in which sitting was 
restricted (trial 2). Meals were provided throughout and the energy content of 
these meals was constant across the first two trials. The third trial involved a 
day of uninterrupted sitting in which energy intake was reduced (by 
approximately 1000kcal) in order to balance the reduced energy demands of a 
completely sedentary day. It was observed that compared with the active trial, 1 
day of sitting reduced insulin action (defined as whole body rate of glucose 
disappearance normalised to mean plasma insulin concentration) measured the 
following morning during a continuous infusion of (6,6-[2]H) glucose by 39%. 
Reducing energy intake to match the lower energy demands of sitting 
significantly attenuated (an absolute difference of 18% [P=0.07] compared to 
active trial) but did not completely prevent the decline in insulin action. It was 
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concluded  that a positive energy balance (due to low energy expenditure 
during sitting) may account for a large proportion of the difference between 
uninterrupted and interrupted sitting patterns, but other factors specific to the 
prolonged sitting may be also involved.274  
 
If an energy surplus is the predominant factor in the adverse health 
consequences associated with prolonged sitting then it could be argued that the 
posture of sitting is not the exposure but simply acts as a proxy for low energy 
expenditure. Interrupting sitting with walking therefore, may tell us more about 
the effect of increased energy expenditure rather than the effect of prolonged 
sitting.  
 
However a study by Peddie et al275 suggests that differences in total daily 
energy expenditure do not determine the beneficial effects of interrupting sitting. 
Peddie et al examined plasma glucose and insulin responses to three mixed 
test meals across three 9hr trial days in 70 adults (aged 25.9 ± 5.3 yrs). The first 
trial involved sustained sitting while during the second a single 30 minute bout 
of walking was undertaken at the start of the day (physical activity trial). During 
the third trial sitting was interrupted every 30 minutes with a walking bout lasting 
1 minute 40 seconds (activity breaks trial). Incremental area under the curve for 
glucose was significantly reduced with activity breaks compared to the preload 
with a bout of morning physical activity (- 37% P<0.001) and sustained sitting (-
39% P<0.001). Incremental area under the curve for insulin was also 
significantly reduced in the activity breaks trial compared to the single bout of 
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physical activity (-18% P<0.001) and sustained sitting (-26% P<0.001).  No 
differences were observed between the single bout of physical activity and 
sustained sitting intervention.  The total duration of activity and average heart 
rate during both the activity breaks and single bout of physical activity were 
matched, suggesting that differences in total daily energy expenditure do not 
explain the reduction in glucose and insulin concentrations in the activity breaks 
trial relative to sustained sitting. Rather there are factors specifically related to 
the regular interruption of sitting which may be beneficial. However, although 
this study attempted to control for energy expenditure, it did so using estimates 
of energy expenditure rather than direct measurement. Also, the absence of a 
study arm that changed posture but not energy expenditure (e.g. standing) 
means that it is still not possible to determine that sitting itself is the cause of 
less healthy levels of insulin and glucose rather than energy expenditure.  
 
More recently, Thorp and co-workers377 examined whether alternating 
between 30 minute bouts of sitting and standing during 5 consecutive 8 hr 
working days (intervention condition) would reduce postprandial glucose, insulin 
and triglyceride responses to a mixed test drink, compared to 5 consecutive 8 hr 
days where sitting was sustained (control condition). Twenty-three overweight 
or obese middle-aged (48.2 ± 7.9 yrs) adults completed both intervention and 
control conditions in a randomised cross-over design. A modest reduction 
(11.1%) in postprandial glucose response was observed following the 
intervention condition although insulin and triglyceride responses did not differ 
between conditions. Although this seems to suggest that standing intervals may 
be of some benefit to glucose metabolism relative to sustained sitting, the 
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authors state that light ambulatory activity was permitted within the confines of 
the laboratory during these intervals. It is therefore likely that the observed 
effect may be attributable to the increased movement and energy expenditure 
during these intervals. This is especially true given the duration of the 
standing/walking periods which would allow significant accumulation of activity. 
 
Understanding whether differences in glucose and insulin observed 
during sustained and interrupted sitting are due to the posture of sitting or 
differences energy expenditure is very important as future policy and 
behavioural advice that may follow could be misleading if based on 
assumptions about sitting rather than energy expenditure. Therefore, there is 
still a need for experimental investigation of the metabolic effects of prolonged 
sitting versus interruptions in sitting that do and do not alter energy expenditure.  
 
10.1.4. Study aims and hypotheses 
In light of the evidence reported above, the aim of the current study was to 
compare the effect of a) a 7hr period of uninterrupted sitting with b) a 7hr sitting 
period interrupted by a posture change without increased energy expenditure 
and (c) a 7hr sitting period interrupted by walking and therefore increased 
energy expenditure, on the plasma glucose and insulin responses to both an 
oral glucose tolerance test and a mixed test meal. All three day-long tests were 
designed to mimic an office based working day with telephone, computer and 
internet access. The study aimed to determine; 
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i) Whether any type of interruption in prolonged sitting has beneficial 
effects on glucose and insulin metabolism 
ii) Whether interruptions need to result in an increase in energy 
expenditure above approximately 1.5 METs (the energy cost of standing) 
to have a beneficial effect on glucose and insulin metabolism 
More specifically the study aimed to test the null hypotheses that;  
i) there will be no differences in plasma glucose and insulin responses to 
an OGTT and a test meal between 7hrs of uninterrupted or interrupted 
sitting  
ii) there will be no differences in plasma glucose and insulin responses to 
an OGTT and a test meal between 7hrs of sitting interrupted by regular 
standing breaks and 7hrs of sitting interrupted by regular walking breaks.  
 
10.2. Methods 
10.2.1 Study overview 
This three-trial randomised, cross-over study of the differential metabolic 
effects of sustained and interrupted sitting was approved by the University of 
Exeter Sport and Health Sciences departmental ethics committee (approval 
number 2013/410) see appendix 2.1. Written informed consent was obtained 
from all participants prior to their first trial. Following an initial preliminary visit, 
participants attended the laboratory on three separate occasions to perform 
three trials (’SIT-ONLY’ ‘SIT-STAND’ and ‘SIT-WALK’). Each trial began at 
8.30am and concluded at 5.00pm and involved participants remaining in a 
seated position for the duration of the day while blood samples were taken 
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periodically in order to analyse differences in glucose and insulin profiles 
between experimental conditions. During the SIT-STAND and SIT-WALK trials 
participants stood or walked for 2 minutes every 20 minutes before resuming a 
seated position. An oral glucose tolerance test (OGTT) was performed at 
10.00am and a standardised test meal replacement drink consumed at 1.00pm. 
Following the collection of the last blood sample and removal of the cannula 
participants were able to help themselves from a selection of drinks and snacks. 
Preliminary testing and all 3 main trial days took place at a Sport and Health 
Sciences laboratory at the University of Exeter’s St. Luke’s campus.  
 
10.2.2. Participants 
Recruitment: Participants were  recruited from an existing research 
volunteer database, the ‘Exeter Ten-thousand’ (Extend - 
http://www.exeter.crf.nihr.ac.uk/node/155) held by the Clinical Research Facility 
in Exeter, and from advertisements sent to staff at a number of University of 
Exeter departments via internal email.  
 
Inclusion Criteria: Male participants aged 30-65yrs, who are non-smokers, who 
can walk without limitation and do not participate regularly in physical activity (≤ 
4 occasions [1-60mins] of sport or exercise in the last 4 weeks). 
 
Exclusion Criteria: hypertension (resting BP ≥160/90mmHg; on antihypertensive 
medication), known cardiovascular, diabetes or endocrine disorders (thyroid 
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disease), previous gastric surgery, requirement (at the present time or in the 
previous 6 months) of any medication or nutritional supplements known to effect 
lipid or carbohydrate metabolism, antidepressants, smoking < 5 years ago, 
passive smoking, history of heavy alcohol use (> 20 units a week) or 
recreational drug abuse.  
 
Participants meeting the above criteria were contacted initially by letter 
and then, once they had expressed their interest, by telephone and invited to 
participate in the study. A participant information document (see appendix 2.2), 
detailing all procedures and requirements for the study was sent to their home 
address for consideration.  
 
10.2.3. Preliminary Testing 
Participants attended a preliminary visit at the Sport and Health Sciences 
department at the University of Exeter. Prior to the preliminary assessments a 
member of the research team read through the participant information with each 
person, reiterating the study objectives and the methods employed for the three 
trials, before addressing any questions they had. Written informed consent for 
the study was then obtained using the form detailed in appendix 2.3. 
Participants aged 46 or over also completed a physical activity readiness 
questionnaire (PAR-Q) (see appendix 2.4) in accordance with departmental 
policy. This questionnaire is routinely used to determine whether a person 
should consult a doctor prior to undertaking physical activity or increasing their 
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habitual activity level. Any participant failing to meet the criteria outlined in the 
assessment would be thanked for their time but take no further part in the study. 
 
Following consent, a measurement of the resting metabolic rate was then 
obtained over a 45 minute period, using a portable gas analysis system 
(Cosmed K4b2, Cosmed. U.K). In order to do so, participants remained in a 
seated position for 30 minutes after which they completed a period of 5 minutes 
of standing and 5 minutes of walking (at 2mph) separated by a 5 minute seated, 
rest period. The procedure allowed the attainment of steady state energy 
expenditure values for each individual while sitting, standing and walking.  
 
Participant’s height (in cm using a freestanding stadiometer), weight (in kg 
using a calibrated scale), waist circumference (in cm measured at the 
midaxillary line using a tape placed midway between the lower rib cage and the 
iliac crest), body fat percentage (using bi-electrical impedance) and resting 
blood pressure (in mmHg using an automated sphygmomanometer) were 
measured in triplicate and recorded.  Before leaving the department, 
instructions for the days prior to the three trial days were explained to each 
participant and any questions addressed. The instructions were as follows; 
 
 Participants were instructed to wear a GENEActiv accelerometer 
(ActivInsights, Kimbolton, United Kingdom) on their left wrist during all 
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waking hours for 2 days prior to each of the three trial days to assess 
physical activity. 
 Throughout the day prior to the first trial, participants were required to 
record all food and drink consumed in the food diary provided. The diary 
would then be used to replicate food intake on the days prior to the 
second and third trial days.   
 Participants were instructed to remain inactive (no volitional physical 
activity other than day to day tasks) for 48 hours prior to each trial day 
 Participants were instructed to avoid alcohol for 24 hours and caffeine for 
11 hours (from 9.30pm) preceding each trial day. 
 Participants were asked to attend each trial in clothing and footwear that 
is both comfortable and suitable for slow walking on a walking platform.  
 Participants were advised to attend the laboratory by car if at all possible 
on each trial day. If this was not possible a taxi would be provided.  
 Participants were provided with a food record diary and the above 
instructions (appendices 2.5 and 2.6).  
 
10.2.4. Trial allocation procedure 
The order of the three trials was randomly allocated to each participant 
with the first being within 30 days of the preliminary visit. Following their 
preliminary screening visit participants were randomised to six possible trial 
orders by an impartial third party using sealed envelopes.  
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As acute exercise bouts have been shown to enhance insulin sensitivity 
over a number of days,378 trials were separated by a minimum of six days to 
eliminate the possibility of any carryover effects of physical activity from the SIT-
STAND or SIT-WALK trials. Participants received the accelerometer (initiated 
and programmed using GENEA software) at least two days prior to each trial 
day. They also received a reminder phone call at this time during which any 
questions regarding the written instructions for the subsequent two days could 
be addressed. 
 
10.2.5. Trial day procedures 
The main experimental protocol for the three trials is described in the 
participant timetable (appendix 2.7) and illustrated in the protocol diagram 
(figure 10.1). A full explanation of the interrupted and uninterrupted sitting trials 
is provided below. 
 
10.2.5.2. Trial 1: SIT-ONLY 
Participants attended the laboratory on each trial day at 8.30am following 
an overnight fast from 9.30pm (excluding water consumption), having not 
consumed any alcohol or undertaken any moderate to vigorous intensity 
physical activity (any volitional physical activity other than day to day tasks) in 
the previous 24 hrs and having not consumed any caffeine in the previous 10 
hrs. Participants arrived by private car or taxi from their home to avoid additional 
energy expenditure from transportation. The experimental protocol, study 
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objectives and methods for trials 1, 2, and 3 were explained again and any 
further questions addressed. A measure of weight (in kg using a calibrated 
scale) was then taken. Participants were also encouraged to use the toilet at 
this time prior to the start of the trial protocol. 
 
At 8.50am an indwelling cannula was inserted into an antecubital vein. 
By 9.00am participants had made themselves comfortable in a seated position 
at a desk where they remained for the duration of the trial. The first hour was 
treated as a rest period in order for metabolic rate to return close to resting 
levels following the journey to the laboratory and cannulation. At 10.00am a 
baseline blood sample was taken. Participants then completed an OGTT to 
measure insulin sensitivity and to provide some calories which would ordinarily 
be consumed during breakfast. For this, subjects were given a drink with a 
glucose content of 75g glucose (Lucozade) to consume as quickly as possible. 
A further eight blood samples (samples 2-9) were then collected at 10, 20, 30, 
60, 90, 120, 150 and 180 minutes (up to 1.00pm).  
 
At 1.00pm (180 minutes), immediately following blood sample 9, 
participants consumed a standardised mixed test meal in the form of an energy 
dense drink. Participants were encouraged to finish their test meal within 10 
minutes (by 1.10pm). Blood samples 10-18 were then collected at 190, 200, 
210, 240, 270, 300, 330, 360, and 390, minutes up until 4.30pm.  A final blood 
sample (sample 19) was taken at 5.00pm (420 minutes), prior to the removal of 
the cannula. With the exception of the test meal provided no additional food was 
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consumed at any point during the intervention. Water was consumed ad libitum 
from a bottle of known volume. The total fluid consumed during the first 
intervention day was recorded for the participants to replicate during 
subsequent trials.  
 
Throughout the entirety of the SIT-ONLY trial (from 9.00am until 5.00pm) 
participants remained seated quietly at a desk where they were allowed to work 
at the computer, watch DVDs, listen to music or read.  Newspapers and a 
computer with a DVD player and internet access were provided. Participants 
were allowed comfort breaks as required although they were encouraged to visit 
the toilet prior to the start of the intervention at 10.00am. The number and 
duration of comfort breaks taken was then replicated in the subsequent 
interventions. Participants were observed throughout the majority of the trial to 
ensure that they remained seated, and accelerometer data was additionally 
checked following completion of the trial to ensure participants remained seated 
when they were not being directly observed. 
 
10.2.5.3. Trials 2 and 3: SIT-STAND and SIT-WALK  
Participants, again attended the laboratory at 8.30am having followed 
identical procedures prior described for Trial 1 above.  
 
The protocol for the OGTT, administration of the test meal and the timing 
of blood samples was identical to trial 1. In trials 2 and 3 time spent seated was 
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punctuated by 2 minute intervals of either standing (trial 2) or walking (trial 3) 
every 20 minutes commencing at 10.00am in order to achieve 3 breaks per 
hour. Trials 2 and 3 will from this point be referred to as SIT-STAND and SIT-
WALK respectively. The exact timings of these intervals can be seen in figure 
10.1. This pattern has been used previously to examine interrupted versus 
uninterrupted sitting with activity breaks (not standing).273 During SIT-STAND, 
participants were required to stand from their seated position and remain 
standing by the desk for 2 minutes. They were discouraged from expending 
energy resulting from any movement other than standing. In SIT-WALK, walking 
intervals were performed  at a speed of 2 miles per hr (3.2km/hr) which is 
equivalent to an energy expenditure of 2-2.9 METs 359  and reflects light 
intensity activity. Walking intervals were conducted on a walking platform 
(FitWork TM Walkstation, Details, New York) immediately next to the desk so 
that transit from sitting to walking was minimal. All intervals were observed and 
recorded to ensure they were completed properly and were precisely 2 minutes 
in duration. Following each standing or walking interval participants resumed 
their seated position immediately. Standing and walking intervals were 
performed at 10.00am and then on the hour, and at 20 and 40 minutes past the 
hour for the duration of the trial. A total of 19 intervals were performed in total. 
Mean steady state energy expenditure values for sitting, standing and walking, 
recorded during preliminary testing are detailed in the results section.
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Figure 10.1. Diagram of protocol for SIT-ONLY, SIT-STAND and SIT-WALK trials 
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10.2.5.4. Oral glucose tolerance test and test meal 
The oral glucose tolerance test consisted of 435ml of a standardised 
glucose drink (Lucozade Sport) containing 75g glucose. Participants were 
instructed to consume the test drink as quickly as possible (within 2 minutes) 
and the exact time was recorded and replicated across trials. The mixed test 
meal was a nutritionally complete meal replacement shake (Fortisip, Nutricia , 
UK) providing 6.0 grams of protein, 5.8 grams of fat, 18.4 grams of 
carbohydrate and 150 kilocalories per 100ml. This was prescribed to 
participants so as to provide 0.35g fat, 1.17 g carbohydrate, 0.29g protein and 
39kJ (9.08kcal) per kilogram body mass. This ensured that approximately 33% 
of the total energy intake from this meal was from fat, 50% from carbohydrate 
and 17% from protein.  This test meal was chosen as its composition mirrors 
that used in test meals in previous studies in adult males 260 262 264 265 and 
because the values closely represent the average diet composition of the UK 
adult population (35% fat, 48% carbohydrate and 17% protein). 379  
 
10.2.5.5. Accelerometer data 
Upon arrival on each trial day participants returned the GENEA 
accelerometer worn on the previous 2 days. The data of 48 hrs activity was 
uploaded using the GENEActiv software. Time spent in sedentary behaviour, 
light, moderate and vigorous activity were derived using published cut-points.144 
The resulting values were used to assess participants’ adherence to pre-trial 
instructions (to avoid any exercise other than that required for day to day 
activities) and any between trial differences in physical activity. 
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10.2.5.6. Blood sampling and biochemistry 
All blood samples were collected while participants were seated at the 
desk. Patency of the cannula was maintained by flushing with a small amount of 
non-heparinized saline (0.9% wt/vol sodium chloride, Baxter Healthcare, 
Norfolk, UK) after each collection. The saline waste remaining in the connecter 
tube was drawn off using a 2ml syringe immediately before the subsequent 
blood sample was collected. Blood samples were collected into 6ml fluoride 
oxalate and lithium heparin separator tubes. Samples were centrifuged at 4000 
rpm for 10 minutes and plasma stored at -80C for later analyses of plasma 
glucose and insulin. Plasma samples were thawed and vortexed prior to 
analyses. Plasma insulin concentrations were determined using a commercially 
available immunoenzymetric assay (Insulin ELISA, ILB International, Hamburg, 
Germany). Plasma glucose concentrations were determined using an enzyme 
based colorimetric assay (Cayman Chemical Co., Ann Arbor, MI, USA). Plasma 
samples from each time point were analysed in duplicate with absorbance 
plotted against known standards using a microplate reader (Enspire 3100 Plate 
Reader, Perkin Elmer, MA, USA).  Samples from each participant analysed in 
the same assays to avoid interassay variability where possible.  
 
10.2.6. Outcome measures 
The outcome measures for the current study were Matsuda Insulin 
Sensitivity Index, and incremental area under the curve for glucose and insulin 
for the whole 7 hr trial, and both the post-OGTT (3 hrs) and post-test meal (4 
hrs) parts of the day. Insulin sensitivity index for the 3 hrs following the glucose 
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tolerance test was calculated using the following formula as described by 
Matsuda et al.171  
 
Matsuda Insulin Sensitivity Index (M-ISI): 
10000 
(√[fasting glucose x fasting insulin] x [mean glucose x mean insulin during 
OGTT] 
 
The higher the index value the better a person’s insulin sensitivity. An 
index less than or equal to 2.5 represents whole body insulin resistance. This 
method has been demonstrated to provide a good approximation of whole body 
insulin sensitivity following a glucose tolerance test and has been validated 
against the euglycemic-hyperinsulinemic clamp (EHC) method. 171 
 
  Both total (tAUC) and positive incremental (iAUC) area under the 
concentration versus time curves for glucose and insulin after the mixed test 
meal were calculated using the trapezoidal method. This method approximates 
the AUC by considering the areas between time points to be trapezoidal in 
shape; the areas of individual trapezoids are then summed to provide the total 
AUC.  The following equations were used: 
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Total (tAUC) and (iAUC) incremental area under the curve: 
tAUC = Ʃ [(nk + nk+1)/2 x t]  
iAUC = Ʃ [(nk + nk+1)/2 x t] – 17nb 
 
Where n represents plasma glucose or insulin at time point k, t is the absolute 
difference in time (hrs) between k and k+1 and nb is the baseline value. This 
method has been used extensively to quantify area under concentration versus 
time curves.380-383 In order to assess the independent effect of the interventions 
on plasma insulin and glucose responses during the 3hr period following the 
OGTT, the positive incremental area under the curve was computed for this 
period (from this point to be referred to as post OGTT iAUC).  This is achieved 
by subtracting the baseline area for this 3 hr period. The separate positive 
incremental area under the curve was then computed for plasma glucose and 
insulin for the 4 hr postprandial period following the mixed test meal (from this 
point to be referred to as post meal iAUC). 
 
10.2.7. Statistical analyses 
          In the absence of published data on glucose and insulin during 
interrupted and uninterrupted sitting at the time of study design, data from a 
previous study examining glucose and insulin responses to an oral glucose 
tolerance test in sedentary adults was used to determine the required sample 
size for the current study. Short et al384 observed a mean (±SD) insulin 
sensitivity index (ISI) value (as calculated using the Matsuda formula) of 9.27 ± 
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1.17 and a test-retest correlation of 0.78 for repeated measurements with a 
coefficient of variation of 20%. Based on these values it was calculated that a 
sample of at least 19 participants would be required for 90% power to detect a 
5% change in Matsuda ISI between trials at the 5% significance level.  
 
Generalised estimating equation models were used to examine the 
differential effects of the three trials on the outcome measures. This approach is 
effective in examining overall between trial differences in repeated measures 
designs385 and has been used previously in a study examining differences in 
glucose and insulin across different sitting protocols. 273 This method has been 
shown to have a number of advantages over traditional methods such as one-
way repeated measures ANOVA including its ability to specify the desired 
correlation structure.  In the current analysis an exchangeable working 
correlation model was used to account for dependancy in the data (for repeated 
measures). Pairwise comparisons between interventions were only carried out 
when the overall intervention effect was significant. In such cases 
postestimation pairwise contrasts with Bonferroni correction for multiple 
comparisons were used to examine differences between pairs of interventions. 
Initial univariate models were repeated following adjustment for pre challenge 
values (pre OGTT values for tAUC and post OGTT iAUC, and pre meal values 
for post meal iAUC), and then additonally for weight, and pre-intervention 
moderate to vigorous (of an intensity above 3 METs) physical activity as these 
have been previously associated with differences in postprandial responses.386 
Due to the minimum 7day washout period between interventions, carryover 
effects from previous interventions were not formally tested.  
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Significance was set at the 0.05 level and all analyses were carried out 
using STATA SE version 13 (StataCorp, College Station, US). Data are 
presented as mean ± SEM unless described otherwise. In figures 10.3 to 10.7 
fully adjusted means are presented. 
 
10.3. Results 
The Consolidated Standards of Reporting Trials (CONSORT) participant 
flow diagram is shown in figure 10.2. Of the 27 participants who completed the 
preliminary testing, 25 completed all three experimental conditions and were 
included in the analysis. Characteristics of the final sample are detailed in table 
10.1.  
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Figure 10.2. CONSORT diagram for participant flow through the study from recruitment to data analysis  
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Table 10.1. Participants characteristics.  N=25. Data are mean ± SD 
Characteristic    
    
Age (yrs) 40.21 ± 12.19 
Height  (cm) 177.33 ± 5.52 
Weight (kg) 82.40 ± 17.16 
BMI (kg/m2) 26.12 ± 4.14 
Waist Circumference (cm) 87.26 ± 9.42 
Body fat  (%) 26.56 ± 5.99 
Blood pressure    
   Systolic  (mmHg) 122.60 ± 6.82 
   Diastolic  (mmHg) 79.88 ± 3.56 
Fasting Blood Analysis    
    
Glucose (mmol/L) 4.34 ± 0.83 
Insulin (pmol/L) 66.61 ± 33.48 
HOMA-IR  1.4 ± 0.63 
Triglyceride (mmol/L) 0.88 ± 0.46 
Cholesterol (mmol/L) 4.94 ± 0.69 
HDL (mmol/L) 1.55 ± 0.32 
LDL (mmol/L) 2.99 ± 0.75 
Urea (mmol/L) 5.58 ± 1.39 
Creatinine (umol/L) 86.88 ± 13.10 
ALT (u/L) 27.4 ± 12.82 
ALP (u/L) 58.88 ± 10.57 
 
Steady state energy expenditure for walking at 2mph (2.94 ± 0.53, range 
2.04-3.42 METs,) measured at the preliminary visit was significantly higher than 
for standing (1.17 ± 0.66, range 0.42-1.45 METs, p<0.001) and for sitting (0.94 
± 0.22 range 0.41-1.23 METs, p<0.001). Steady state energy expenditure for 
standing and sitting was not significantly different (p=0.113).  
 
Mean accelerometer defined MVPA measured during the 48 hours prior 
to each was slightly higher prior to SIT-STAND (136.21 ± 18.71 minutes) than 
SIT-WALK (117.00 ± 13.85 minutes, P=0.05) but did not differ significantly from 
SIT-ONLY (124.90 ± 12.80 minutes). Prior MVPA did not differ significantly 
between SIT-WALK and SIT-ONLY.  
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All participants consumed the OGTT test drink within 2 minutes and 
finished their mixed test meal within 8 minutes. The average volume of the 
mixed test meal consumed by participants during the main trial days was 
499.97 ± 101.13 ml, consisting of 29.99 ± 6.25g protein, 27.78 ± 3.05g fat, and 
91.88 ± 19.14g carbohydrate.  
 
10.3.2. 7hr plasma glucose and insulin 
Mean plasma glucose and insulin concentrations during the three trials 
are illustrated in figures 10.3 and 10.4. There were significant between trial 
differences in glucose and insulin responses across the 7hr observation period 
for glucose (P<0.001) and insulin (p<0.001). In unadjusted GEE models tAUC 
for glucose for the whole trial day was significantly lower in both the SIT-WALK 
and SIT-STAND trials compared to SIT-ONLY. Following adjustment for body 
weight, baseline glucose and pretrial MVPA, tAUC for glucose remained 10% 
lower in SIT-WALK (3.94 ± 0.16 mmol/l/hr, P<0.001) and 8% lower in SIT-
STAND (4.05 ± 0.18 mmol/l/hr, P<0.001) compared to the SIT-ONLY 
intervention (4.36 ± 0.23 mmol/l/hr). In unadjusted GEE models tAUC for insulin 
for the whole trial day was significantly lower in the SIT-WALK than in the SIT-
STAND or SIT-ONLY trials. Following adjustment for covariates tAUC for insulin 
remained 20% lower in the SIT-WALK intervention (223.26 ± 45.84 pmol/l/hr)  
than in SIT–ONLY (292.5 ± 62.64 pmol/l/hr,  P<0.001). There was no significant 
difference in tAUC for insulin between SIT-STAND and SIT-ONLY interventions 
(P=0.50).  
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10.3.3. Post OGTT period. 0-3hrs  
Individual time point analysis showed that following adjustment for body 
weight, pre-trial MVPA and  pre-OGTT glucose, plasma glucose was 
significantly lower in the SIT-WALK trial than the SIT-ONLY intervention at 30 
minutes (peak), 60, 90, 120 minutes (P<0.05 for all).  Following adjustment for 
covariates plasma insulin was significantly lower in the SIT-WALK than in the 
SIT-ONLY trial at 30 minutes (peak), 60, and 90 minutes. Significant between 
trial differences were observed in Matsuda ISI (P=0.006). In unadjusted GEE 
models Matsuda ISI was significantly greater during the SIT-WALK trial than 
during SIT-ONLY. As illustrated in figure 10.5 following adjustment for 
covariates, Matsuda ISI during the SIT-WALK trial (6.33 ± 0.53,) remained 12% 
higher than SIT-ONLY (5.62 ± 0.43, P=0.005). No significant differences were 
observed between the SIT-STAND and SIT-ONLY trials (P=0.9). 
 
Significant between trial differences were also observed in post-OGTT 
iAUC for glucose (P=0.001), and insulin (P<0.001). In unadjusted GEE models 
positive incremental area under the curve for both glucose and insulin for the 3 
hr period after the OGTT was significantly lower in the SIT-WALK trial than 
during the SIT-ONLY trial. As shown in figure 10.6, following adjustment for pre-
OGTT plasma glucose  and pre-trial MVPA, post OGTT iAUC for glucose during 
the SIT-WALK trial (0.56 ± 0.09 mmol/l/hr) was 27% lower than in the SIT-
ONLY trial (0.73 ± 0.13 mmol/l/hr, p=0.001). No significant differences were 
observed between SIT-STAND and SIT-ONLY interventions (P=0.99). 
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As shown in figure 10.7 following adjustment for covariates post OGTT 
iAUC for insulin during the SIT-WALK trial (193.20 ±  18.3 pmol/l/hr) was 22 % 
lower than in the SIT-ONLY trial (239.04 ± 20.16 pmol/l/hr,  P=0.001). No 
significant differences were observed between SIT-STAND and SIT-ONLY 
interventions (P=0.99).  
 
 10.3.4. Post meal period. 3-7hrs 
Individual time point analysis showed that following adjustment for 
covariates there was a significant reduction in both plasma glucose and insulin 
concentrations at 240 minutes (1 hr post prandial) in SIT-WALK compared to 
SIT-ONLY (figure 10.6).Significant between trial differences were observed in 
post meal iAUC for glucose (P=0.01) and insulin (P<0.001). In unadjusted GEE 
models iAUC for glucose was significantly lower in both SIT-WALK and SIT-
STAND compared to SIT-ONLY. Incremental AUC for post meal insulin was 
significantly reduced in SIT-WALK compared SIT-ONLY trials.  
 
Following adjustment for covariates the reductions in post prandial  iAUC 
for glucose in  the SIT-WALK trial (0.55 ± 0.08 mmol.l.hr) and  SIT-STAND trial 
(0.52 ± 0.06 mmol.l.hr)  compared to SIT-ONLY (0.60 ± 0.06 mmol.l.hr) were 
attenuated to null (P>0.05).  
 
Following adjustment for covariates post prandial iAUC for insulin during 
the SIT-WALK trial (91.92 ± 9.6 pmol/l/hr) was 19% 26% lower than in SIT-
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ONLY (116.52 ± 13.08 pmol/l/hr, P=0.001). No significant differences were 
observed between SIT-STAND and SIT-ONLY trials (p=0.53). Fully adjusted 
means for post meal iAUC for glucose and insulin are shown in figures 6 and 7. 
 
10.4. Discussion 
Periods of prolonged sitting have been consistently associated with 
increased risk for metabolic diseases, but the underlying biological mechanisms 
are poorly understood. Observational and experimental studies to date have 
reported adverse associations between sitting time and health outcomes but are 
unable to conclude with any certainty that the risk is associated with sitting itself 
or with low energy expenditure. This study aimed to establish whether glucose 
metabolism would differ during a 7hr day of sustained sitting compared to 7hr 
days when sitting was interrupted without increased energy expenditure 
(standing only) and with bouts of physical activity, in a sample of males 
practising little habitual physical activity. This is the first study to examine the 
effect of these differing patterns of sitting on glucose and insulin following both 
an oral glucose tolerance test and a mixed test meal, and the first to examine 
the effects of intermittent standing as well as light intensity walking. It was 
observed that over a 7hr day, regularly interrupting sitting with short bouts of 
light intensity walking significantly improved insulin sensitivity, as defined by 
Matsuda, and reduced glucose and insulin responses during the post OGTT 
and insulin during the post meal observation periods compared to a day when 
sitting was sustained.  
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The present findings are consistent with those of Dunstan et al273 and 
Peddie et al275 who observed that when compared to periods of sustained 
sitting, interrupting sitting with regular bouts of walking reduced postprandial 
glucose and insulin. In the current study there was an 11% improvement in 
insulin sensitivity for the 3 hr post OGTT period during the SIT-WALK 
intervention compared to the SIT-ONLY trial. During this period iAUC for both 
glucose and insulin were significantly reduced during the SIT-WALK trial. During 
the post prandial period iAUC for insulin was also significantly lower in SIT-
WALK compared to SIT-ONLY. These findings are also consistent with a 
number of previous studies which have observed a beneficial effect of acute 
light intensity walking on glucose and insulin after glucose ingestion.387-389 
Manohar et al387 observed that very light intensity walking (at 1.9km.hr for bouts 
of around half an hour) during the postprandial period (following ingestion of 
mixed test meal containing 50g of carbohydrate) significantly reduced iAUC for 
glucose compared to inactivity in a sample of healthy (54% reduction) and 
diabetic (60% reduction) middle aged males over a 3hr observation period. 
 
The magnitude of the differences in both post-OGTT glucose and insulin 
iAUC between SIT-WALK and SIT-ONLY trials (25% and 22% respectively) are 
more modest than those observed by Dunstan et al 273 (who reported a lowering 
of 30% for glucose and 23% for insulin iAUC) and Peddie et al 275 (who reported 
a lowering of 39% for glucose and 26% respectively for insulin iAUC). Both the 
current study and that by Dunstan et al examined middle-aged adults who did 
not exercise regularly, although the sample in the current study were far leaner 
(mean BMI 26.21 ± 4.14kg.m2 compared to 31.2 ± 4.1kgm2). As adiposity will 
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influence both fasting glucose and insulin sensitivity and is associated with 
insulin resistance 390-392 it is conceivable that this may explain the differences in 
effect size between the two studies to some degree. However, the studies by 
Peddie et al and Stephens et al report similar observations in younger and 
leaner samples than that employed in the current study(25.9 ± 5.3 yrs, BMI 23.6 
4.0 kg.m2 , and  26.1 ± 4.5 yrs, BMI 23.6 ± 3.0 kg.m2,respectively). In addition, 
while participants in the current study and that of Dunstan et al did not engage 
in regular physical activity, participants in the studies by Peddie et al and 
Stephens et al were described as recreationally active. These findings 
collectively suggest that differences in patterns of sitting and light intensity 
activity may be able to significantly influence metabolic parameters across age 
groups, BMI classifications, and habitual physical activity levels.  
 
It is also possible that the difference between the present findings and 
those of Dunstan et al are attributable to differences in the carbohydrate quality 
and content in the test drink employed. Dunstan et al used a 200ml test drink 
consisting of 75g of glucose (as in the present study) and importantly, 50g of 
fat. The authors state that the inclusion of the fat content was in order firstly to 
simulate a mixed meal, and secondly to slow gastrointestinal emptying and 
spread the glucose and insulin responses over a longer period.273 By slowing 
the rate of glucose absorption and the peak in blood glucose the incremental 
area under the concentration time curves may have been inflated relative to 
those in the present study.393 
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As discussed previously a fundamental question in determining the 
independent effect of sitting behaviour on health risk is whether the posture of 
sitting per se is detrimental or whether time spent sitting is a proxy for low daily 
energy expenditure which in turn represents the risk behaviour. To conclude 
that the posture of sitting exerts an independent detrimental effect on health, 
differences in energy expenditure between experimental groups need to be 
ruled out. The current findings, in agreement with previous studies,273 274 
suggest that interrupting sustained periods of sitting with bouts of increased 
energy expenditure, in the form of light intensity walking, benefits glucose 
metabolism and thus metabolic health. Stephens et al 274 reported that 
differences in energy balance may account for a proportion of the observed 
differences in insulin action between a day of sustained sitting and a day of 
minimal sitting but not all, and concluded that factors other than energy 
expenditure are involved in the detrimental impact of sitting. The inclusion of the 
SIT-STAND trial was a novel aspect of this study and was designed to examine 
whether a change in posture (from sitting to standing) in the absence of a 
change in energy expenditure (steady state energy expenditure values did not 
differ between sitting and standing in the present sample) would also benefit 
glucose metabolism relative to sitting only. Evidence from animal studies 
suggests that it might be beneficial to metabolic health to interrupt the inactivity 
of postural muscles that is evident during prolonged sitting.23 24 Matsuda ISI 
during the SIT-STAND intervention did not differ significantly from the SIT-
ONLY intervention and iAUC for glucose and insulin during this period was also 
not significantly different between SIT-STAND and SIT –ONLY trials. Post meal 
insulin did not differ significantly between SIT-STAND and SIT-ONLY and 
following adjustment for covariates the slight reduction in postprandial glucose 
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iAUC during both the SIT-WALK and SIT-STAND intervention did not reach 
statistical significance. If it is true that simply altering posture has no significant 
effect this suggests that interruptions to sitting must be of a certain energy 
expenditure in order to elicit a beneficial effect. This would support the findings 
of Stephens et al274 who observed that when the reduction in energy 
expenditure during sitting was matched with a reduction in energy intake so as 
to prevent any energy surplus, the difference in insulin action between a day of 
sustained sitting and one of light intensity activity was attenuated. 
 
10.4.2. Possible mechanisms 
As discussed, potential mechanisms to explain the differential effects of 
sitting patterns on glucose and insulin regulation may be related to energy 
expenditure, to the specific actions of sitting, or both.274 The lowering of  both 
glucose and insulin during the post OGTT period by repeated bouts of low 
intensity walking suggests both increased insulin sensitivity and improved action 
of insulin, requiring less insulin secretion to compensate for the glucose 
excursion and regulate glucose metabolism. This is evidenced by the difference 
in the Matsuda index. There were no between trial differences in glucose iAUC 
during the post meal period although the fact that plasma insulin iAUC was 
significantly lower in SIT-WALK than in the SIT-STAND or SIT-ONLY 
interventions again suggests that intermittent low intensity walking might reduce 
the volume of insulin required to clear a given volume of glucose from 
circulation (i.e. improved insulin sensitivity).  
 
 322 
 
A possible mechanism for this effect may relate to between trial 
differences in the rate of contraction of muscles involved in ambulation. During 
the SIT-ONLY trial where participants did not stand or walk and could rely on 
the chair back for postural support, the rate of contraction would be very low. 
This would increase, particularly in postural muscles, during the SIT-STAND 
intervention but would be far higher in the SIT-WALK intervention. It has been 
established that acute muscle contraction increases insulin stimulated glucose 
disposal in both healthy and insulin resistant skeletal muscles.394 395 Muscular 
contraction and insulin robustly activate glucose transport from blood plasma by 
independently activating the translocation of GLUT-4 transporter molecules 
from an intracellular location to the plasma membrane. In insulin sensitive 
muscle, muscular contraction and insulin action have an additive effect on the 
rate of glucose clearance from the circulation into the muscle tissue.396 The 
presence of muscular contraction would therefore necessitate, as apparent in 
the current findings, a smaller volume of insulin to regulate a given volume of 
glucose. After the acute effects of muscular contraction and GLUT-4 
translocation are gone, insulin sensitivity remains elevated.378 397 It has been 
suggested that frequent short bouts of activity may maintain an increased 
permeability of muscle cells to glucose, and maintain Glut-4 in a position within 
a cell where it can be readily recruited to the cell surface in response to further 
activity.276  
 
Energy surplus, established over a number of days, has also been 
shown to adversely affect insulin sensitivity344 345 398 399 and this may potentially 
contribute to the effects of a more chronic exposure to sustained sitting on 
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health. While an energy surplus may have contributed to higher insulin 
concentrations during the SIT-ONLY intervention it is more likely that this is due 
to the absence of the glucose clearing effect of muscular contraction evident in 
the SIT-WALK intervention, necessitating a higher volume of insulin to regulate  
plasma glucose concentrations. In any case, the absence of direct calorimetry 
in the present study, means that it is impossible to state: 1) that the OGTT and 
the test meal were sufficiently calorific to create an energy surplus, and 2), that 
the energy expenditure of the walking bouts during the SIT-WALK intervention 
(particularly in the early part of the observation period where the first between 
trial differences were observed) was sufficient to redress this energy surplus. 
 
Acute muscle contractions that occur before or during stimulation of 
insulin secretion by glucose, can increase insulin sensitivity in both healthy and 
insulin resistant individuals, 400 and this has promise as an explanatory 
mechanism for the present findings. This has wider implications for research 
into sedentary behaviour as it suggests that low levels of movement or energy 
expenditure, rather than sitting itself, may be the underlying factor in the 
observed associations between high volumes of sitting and disease outcomes. 
In this way, it would seem that the influences of sitting and physical activity on 
health are not truly independent as postulated previously. This idea is supported 
by recent observational evidence. Maher and coworkers375 observed significant 
(if small in magnitude) associations between accelerometer defined sedentary 
time and 11 cardiometabolic biomarkers (including fasting glucose and insulin, 
2hr post-challenge plasma glucose and Homeostasis Model Assessment steady 
state Beta cell function and insulin sensitivity [HOMA %β and HOMA %S]) 
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following adjustment for covariates including minutes of daily MVPA. However 
when MVPA was replaced in the analytical model by total physical activity 
accelerometer counts (including light intensity activity) all associations were 
attenuated with nine out of the eleven attenuated to null (including all markers of 
glucose and insulin regulation) and the other two only demonstrating minute 
effects. This suggests that residual confounding due to incomplete adjustment 
for physical activity may contribute to observed associations between sitting and 
metabolic risk,375 and that differences in physical activity behaviour, including 
light intensity activity which makes up the majority of adults waking hours, might 
be more important. 
 
However the exact underlying biological pathways remain unclear.396 It 
also must be considered that if the beneficial effects of light intensity walking 
breaks on insulin sensitivity are attributable solely to the contraction of the large 
muscle groups it is not inconceivable that repeated transitions from sitting to 
standing or standing for very prolonged periods may also influence insulin 
sensitivity. This is evidenced in part by the study by Thorp et al377 who observed 
that alternating 30 minute bouts of sitting and standing had a modest beneficial 
effect on circulating glucose levels. However, as discussed, the authors state 
that light ambulatory activity was permitted during these standing periods which 
means it is impossible to attribute this benefit to standing only.  
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10.4.3. Clinical significance 
Diabetes is an established independent risk factor for cardiovascular 
disease.336 337 However there is a growing body of evidence that insulin 
resistance and hyperglycemia in the absence of diabetes are associated with 
endothelial dysfunction401 402 and therefore the atherosclerotic process may 
begin earlier in the spectrum of insulin resistance.403 The magnitude of the 
excursion in plasma glucose from baseline during a postprandial period 
provides an effective marker of CVD risk.404 405 Postprandial hyperglycemia is 
associated with endothelial dysfunction, increased intima-media thickness (IMT) 
and as well as a higher prevalence of atherosclerotic plaques of the common 
carotid arteries, suggesting that mild to moderate postprandial hyperglycemia is 
involved in the development of early atherosclerosis.406-408  There is evidence 
that the pathogenic molecular mechanism that underlies glucotoxicity involves 
the generation of oxidative stress which not only causes microvascular 
damage409 but also platelet activation and the generation of thrombin which 
contribute to the progression of atherosclerosis. Intervention studies have 
demonstrated that the blunting of postprandial spikes has a direct beneficial 
effect on inflammation and endothelial function 410 and IMT.410 411  
 
In the present study both peak and 2 hr glucose values were significantly 
lower in the SIT-WALK than the SIT-ONLY trial, as was the post-OGTT  iAUC 
for glucose and for insulin which suggests that interrupting sustained sitting with 
physical activity of at least light intensity may already impact and reduce CVD 
risk. Examination of data from 3370 participants from the Framingham Offspring 
Study suggested that reductions in 2 hr glucose of 2.1 mmol/l were associated 
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with reduction in 4 yr risk for CVD events of up to 42% (HR 1.42, 95% CI 1.17, 
1.72).412 While the between trial differences in glucose responses were smaller 
than this in magnitude (mean difference in plasma glucose at 2hrs was 
approximately 1mmol/l, SIT-ONLY vs SIT-WALK), and also smaller than  those 
observed by Dunstan et al,273 it is reasonable to suggest that this difference 
could contribute to a clinically significant reduction in cardiovascular risk. Similar 
small differentials in postprandial glucose seen in response to pharmaceutical 
interventions have been linked to reductions in oxidative stress, circulating 
adhesion molecules and improved endothelial function in non-diabetic 
subjects413 414 all of which are important clinical markers of cardiovascular 
disease risk.415 In addition while the reductions in post meal glucose observed 
in the SIT-WALK trial compared to SIT-ONLY, did not reach statistical 
significance there was a significant reduction in insulin iAUC in the SIT-WALK 
intervention indicating that a lesser volume of insulin was required to clear a 
given volume of glucose. These findings therefore suggest that interrupting 
sitting with light intensity walking improves insulin sensitivity following both a 
high glucose load (OGTT) and a mixed test meal.  
 
The present findings are significant as they suggest that small 
modifications in behaviour i.e. walking at a light intensity three times per hour 
can be of benefit to individuals who engage in prolonged periods of sustained 
sitting. Given the ever increasing prevalence of sitting in modern society and the 
volumes of daily sitting undertaken by the English population on a day to day 
basis (9.3) these findings are of direct relevance and could provide an early 
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template for interventions to reduce the adverse health consequences of 
sustained sitting or very low levels of physical activity.  
 
Previous experimental studies have suggested that altering the posture 
of sitting by any means can offset the detrimental effects of sitting. In this study 
it would appear that muscular contraction and an increase in energy 
expenditure is required to obtain beneficial changes in glucose and insulin 
rather than simply a change in posture. The findings of the current study 
suggest that the underlying mechanisms relate to muscular contraction and 
energy expenditure and that a change in posture in the absence of an increase 
in energy expenditure is not sufficient to improve markers of metabolic health.  
Future studies involving similar protocols completed in direct calorimeters 
(although perhaps lacking in ethological validity) would be hugely beneficial. In 
this way it would be possible to directly examine the contribution of total energy 
expenditure to the observed effects of different interruptions in sustained sitting. 
The observed beneficial effect of repeated light intensity activity is encouraging, 
and further experimental studies are needed involving manipulation of the 
frequency, duration and intensity of light intensity activity bouts in order to 
establish a dose response association and to identify a pattern which might be 
most beneficial.  
 
10.4.4. Strengths and limitations 
The present study utilised participants with a broad range of ages (30-65 
yrs). Participants were included who did not perform regular volitional moderate 
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to vigorous exercise in order to eliminate the potential confounding effect of 
detraining which has been observed to reduce insulin sensitivity. In addition 
participants were asked to refrain from any activity and to be as inactive as 
possible for 48 hrs prior to each trial day and any residual confounding effects 
of prior physical activity were minimised by adjusting for accelerometer 
determined pre-trial activity in the GEE models.  
 
This is the first study to compare the effects of different sitting patterns 
on insulin sensitivity measured during a standard glucose tolerance test, and 
during a postprandial period. The examination of both fasting and postprandial 
glucose and insulin responses using OGTT and a mixed test meal is a 
significant strength of this study. A number of previous studies which have 
examined the differential effects of exercise and physical activity patterns on 
insulin sensitivity have measured skeletal muscle insulin sensitivity using the 
euglycemic-hyperinsulinemic clamp (EHC) technique. This involves infusing 
insulin at a constant dose to maintain insulin levels while modifying glucose 
infusion rates to maintain euglycaemia. A higher glucose infusion rate to 
maintain euglycaemia is indicative of greater skeletal muscle insulin sensitivity. 
This method, despite being regarded as a gold standard method for measuring 
insulin sensitivity, does not reflect postprandial responses that humans 
encounter day to day. Both glucose and insulin peak and fall during the 
postprandial period which is very different to the steady state glucose and 
insulin infusion during the EHC.400 In this way the EHC technique excludes the 
contribution of pancreatic β-cell function. Conversely, postprandial changes in 
circulating glucose and insulin are determined by a range of factors including 
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skeletal muscle and hepatic insulin sensitivity, β-cell function, gastric filling and 
emptying, and intestinal absorption.416  The study was designed to examine the 
effect of different sitting patterns on circulating glucose and insulin during the 
kind of working day and office environment experienced by many members of 
the UK population. The assessment of natural postprandial responses is also 
central to the study’s ethological validity.  
 
This design of the sitting interruptions is also a strength of this study. The 
walking pace was selected to be of light intensity (the mean steady state energy 
expenditure for this sample when walking at 3.2 km/hr was 2.7 METs). This 
allowed the examination of the effect of intermittent activity which would not 
contribute towards adherence to current physical activity recommendations13 
which state that activity (30 minutes) of at least moderate intensity (3METs and 
above) should be accumulated. This is also the first study of its type to examine 
the effect of intermittent standing. As discussed this allowed the separate 
examination of a change in posture and changes in energy expenditure on 
glucose and insulin. 
 
The current study is not without limitation. Firstly it examined the acute 
effects of prolonged versus interrupted sitting over a 7hr observational period 
and therefore caution must be taken when extrapolating the findings to longer 
term exposures. A logical next step would be to extend these studies to 
examine the differential effects of exposure to different patterns of sitting, 
standing and walking over longer periods.  
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This study employed regular and consistent activity interruptions during 
days of sustained sitting. A pattern this regimented would clearly not reflect the 
irregular sporadic nature of transitions between sitting, standing and ambulation 
for an adult in a free-living situation. However while this pattern may not 
accurately represent free-living behaviour its employment does allow valuable 
insight into the potential benefits of such brief regular activity breaks. In addition 
interrupting sitting time in this way could be feasible in workplace settings where 
adults sit for prolonged periods 273 417 418 and could therefore form the basis for 
future interventions to improve employee well-being. A liquid test meal was 
used to ensure accurate standardisation of macronutrient delivery to each 
participant according to their body mass. This of course would not reflect 
participant’s normal eating habits. While there is no reason to think that the 
response to liquid meals would be different, ideally postprandial responses 
would be assessed following consumption of foods more regularly consumed by 
the target population. 
 
In order to isolate the differential effects of the three trials on insulin 
sensitivity every effort was made to ensure pre-trial diet and physical activity 
patterns did not differ between the three experimental conditions. Participants 
were instructed to refrain from any volitional physical activity or exercise 
behaviour other than essential day to day tasks and to try and ensure they 
remained as inactive as possible for the preceding 48 hrs. Suggested measures 
included using motorised transport were possible and using lifts rather than 
stairs etc. While participants wore accelerometers as instructed and there was 
very little non-wear time, there was of course some variation in pre- intervention 
 331 
 
physical activity. This was adjusted for in the multivariate GEE models. 
However as it was not possible to undertake full dietary analysis on food and 
drink consumed before the trial we were reliant on participants replicating their 
intake across all three trial days. While this method has been used previously in 
a similar study, 275 and no participants reported any problems with this 
requirement, the absence of an objective measure means we cannot rule out 
some variation in pre-trial consumption. However, in order for this to bias the 
present findings this variation would need to be systematically different between 
trials and this seems unlikely. As participants were not aware which trial they 
would be undertaking until they arrived (with the obvious exception of the final 
trial) it is more likely that this variation would have been random which would 
simply have attenuated any true effect towards null.  
 
10.5. Conclusions  
The present findings suggest that interrupting sustained sitting with brief 
light intensity walking bouts significantly benefits insulin sensitivity in middle 
aged males. These findings lend support to experimental studies which have 
observed beneficial effects of interrupting sitting time with bouts of walking on a 
number of metabolic parameters. Encouragingly, these findings suggest that 
fairly minor behavioural changes (three 2 minute interruptions per hour) may 
benefit individuals who spend large proportions of their day sitting. As regular 
standing breaks did not elicit the same benefit it seems likely that the underlying 
mechanism relates to the increase in muscular contraction involved in 
ambulation. The prevalence of sitting behaviour in modern society makes these 
findings all the more significant and continued research is required to enhance 
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our understanding of the acute and chronic metabolic consequences of 
sustained sitting (or low levels of light intensity physical activity). Further 
experimental work is required to examine the differential associations between 
patterns of sitting and light intensity activity with other metabolic parameters in 
both healthy and clinical populations over a range of age groups. Further 
research is also necessary to conclusively determine whether frequent changes 
in posture (transitions from sitting to standing) are sufficient to elicit any effects 
or whether the metabolic benefits are linked to the acute cumulative energy 
expenditure of sitting interruptions. 
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Figure 10.3. The effect of three trial conditions (SIT-WALK, SIT-STAND, and SIT-ONLY 
trials) on 7hr plasma glucose concentrations (mmol.l). Data represent mean ± SEM. 
Significant between trial differences at each time point were examined using GEE models 
adjusted for pre-trial MVPA and baseline values.                                                                       
= OGTT and mixed test meal. * = significant difference (p<0.05) between SIT-WALK and 
SIT-ONLY trial, † = significant difference (p<0.05) between SIT-STAND and SIT-ONLY 
trials
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Figure 10.4. The effect of three trial conditions (SIT-WALK, SIT-STAND, and SIT –ONLY 
trials) on 7hr plasma insulin concentrations (pmol.l). Data represent mean ± SEM. 
Significant between trial differences at each time point were examined using GEE models 
adjusted pre-trial MVPA and baseline values.                                                                             
= OGTT and mixed test meal. * = significant difference (p<0.05) between SIT-WALK and 
SIT –ONLY trial, † = significant difference (p<0.05) between SIT-STAND and SIT-ONLY 
trials 
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Figure 10.5. Matsuda insulin sensitivity index (M-ISI) for three trial conditions (SIT-WALK, 
SIT-STAND, and SIT-ONLY). Data represent adjusted means ± SEM. Significant between 
trial differences were examined using GEE models adjusted for pre-trial MVPA.                                                                                                                                                 
* = significant difference (p<0.05) between SIT-WALK and SIT-ONLY trials, † = significant 
difference (p<0.05) between SIT-STAND and SIT-ONLY trials 
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Figure 10.6. Plasma glucose iAUC (mmol/l/hr) for three trial conditions (SIT-WALK, SIT-
STAND, and SIT-ONLY) for post OGTT (0-3hrs) and postprandial (3-7hrs) periods. Data 
represent adjusted means ± SEM. Significant between trial differences were examined 
using GEE models adjusted for pre-trial MVPA. * = significant difference (p<0.05) between 
SIT-WALK and SIT-ONLY trial, † = significant difference (p<0.05) between SIT-STAND 
and SIT-ONLY trials 
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Figure 10.7. Plasma insulin iAUC (pmol.l.hr)  for three trial conditions (SIT-WALK, SIT-
STAND, and SIT-ONLY) for post OGTT (0-3hrs) and postprandial (3-7hrs) periods. Data 
represent adjusted marginal means ± SEM. Significant between trial differences were 
examined using GEE models adjusted for pre-trial MVPA.   * = significant difference 
(p<0.05) between SIT-WALK and SIT-ONLY trial, † = significant difference (p<0.05) 
between SIT-STAND and SIT-ONLY trials, ‡ = significant difference (p<0.05)  between 
SIT-WALK and SIT-STAND trials
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Chapter 11 
General discussion 
 
11.1. Primary aims and statement of principle findings  
This thesis aimed to address three main research questions: What is the 
health risk associated with sitting? Who might be most at risk? and what 
biological mechanisms underpin the risk associated with prolonged periods of 
sitting? In order to address these questions six investigations were undertaken 
using a variety of study designs including cross-sectional and prospective 
observational studies and laboratory based experiments that featured a range 
of analytical techniques. The main findings of this thesis suggest that sitting 
itself does not pose a risk to health (specifically, mortality, cardiovascular 
disease, diabetes and obesity) that is truly independent of physical activity. 
Previous observational studies have reported associations between high 
volumes of sitting and a number of health outcomes, although there are 
important issues regarding the accurate measurement of sitting behaviour in 
observational studies which are currently unresolved.  These studies might also 
have been influenced by the confounding effects of total daily energy 
expenditure or prior obesity. The observational findings presented in this thesis 
(chapters 5-8) are supported by experimental evidence (chapter 10) which 
demonstrates that interrupting periods of sitting, (suggested by previous 
observational studies to elicit benefits to metabolism) only benefitted glucose 
and insulin regulation when the interruptions featured a meaningful change in 
energy expenditure.  
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These findings are potentially very significant in the context of the 
developing field of sedentary behaviour research. It had been previously 
postulated that sitting represents a risk to health that is independent of, and in 
addition to, only achieving low levels of physical activity. If this were true it 
would represent a very significant public health problem given the increasing 
opportunities for sitting in almost all aspects of 21st century society. The present 
findings suggest low levels of light intensity activity might be the true risk and 
that high reported levels of sitting may simply be indicative of this. However, 
much work is required to improve our understanding of the complex relationship 
between sitting, physical activity (particularly that of light intensity) and adiposity 
which requires improvements in the accuracy of the assessment of both sitting 
and physical activity in population based research. Also, further experimental 
studies that manipulate patterns of sitting and light intensity activity are required 
to assess the underlying metabolic changes associated with different patterns of 
each behaviour and which might contribute to differences in disease risk. 
 
11.2. What is the risk? Associations of sitting and health 
The first aim of this thesis was to examine the risk to health associated 
with high volumes of sitting. This aim was addressed in chapters five to eight. 
Chapters five, six and seven examined the prospective associations between 
sitting and mortality (from all causes and separately from CVD and CHD), 
incident cardiovascular disease (including first non-fatal MI and first angina 
episode) and incident type II diabetes. Chapter eight examined the cross-
sectional and prospective associations between sitting time and prevalent and 
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incident obesity and also took the novel approach of directly examining the 
association between prior obesity and subsequent sitting time.  
 
As described in chapter 3 there are a number of cross-sectional and 
prospective studies which have examined associations between indicators of 
sitting time and health outcomes. Previous prospective studies have observed 
positive associations between all-cause mortality and TV viewing,53 55 70  
travelling by car153 and total daily sitting time,149 152 153 305 306 as well as 
associations of CHD and CVD mortality with sitting time.55 The prospective 
associations between sitting and type II diabetes is also fairly consistent in the 
existing literature. TV viewing has been repeatedly observed to predict incident 
diabetes56 81 190-192 while positive associations have also been observed with 
occupational sitting time.191 The existing evidence for associations between 
sitting and cardiovascular disease is more mixed, although the range of different 
cardiovascular outcome measures examined does limit comparability between 
studies. Nevertheless prospective studies have observed an increase in risk of 
cardiovascular events with increased TV viewing 65 67 164 and sitting time.165-167 
There is a wealth of cross-sectional evidence linking indicators of sitting time 
with markers of obesity and adiposity206 289 although prospective evidence is 
mixed. While a number of studies have demonstrated prospective associations 
between sitting and obesity or increases in bodyweight and adiposity66 191 217 
others have found that while sitting does not predict the development of obesity, 
prior obesity does predict sitting time.83 250 
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The analyses described in chapters five to eight enhances the current 
evidence base by taking the novel approach of examining the associations 
between these four well researched health outcomes with five sitting indicators, 
including both total and domain specific sitting time, in the same population. The 
five sitting indicators employed in these analyses were: Sitting at work, TV 
viewing, non-TV leisure time sitting, total leisure time sitting, and total sitting 
from both work and leisure. This is an important methodological development 
for a number of reasons. Firstly, existing observational evidence suggests that 
the pattern of sitting (in addition to the overall volume of sitting) may be an 
important determinant of the magnitude of the associations with health 
outcomes.109 Logically different sitting behaviours that occur in different 
contexts will vary in their frequency duration and pattern (the number of 
interruptions in a given period of sitting), have different correlates and 
determinants and may be influenced by different sources of confounding. They 
should therefore be examined separately in terms of their associations with 
health outcomes, although very few studies examine more than one specific 
sitting behaviour. 
 
In chapter 5 mortality risk did not differ significantly across categories of 
TV viewing, sitting at work, non-TV leisure time sitting, total leisure time sitting 
and total sitting from both work and leisure time over fifteen years of follow-up.  
Similarly, in chapter 6 risk of incident cardiovascular disease (cardiovascular 
events including first non-fatal MI, and first angina episode) did not differ 
significantly across categories of the five sitting indicators over 10 years of 
follow-up. In chapter 7, TV viewing time and total sitting time were associated 
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with an increased risk of diabetes following adjustment for covariates including 
daily MVPA. However, following further adjustment for BMI the associations 
with TV viewing time and total daily sitting time were attenuated to null. No 
associations were observed with sitting at work, non-TV leisure time sitting or 
total leisure time sitting. In chapter eight there were no observed cross-sectional 
or prospective associations between any of the five sitting indicators with 
obesity. However, when occasions of obesity prior to baseline were modelled as 
an exposure variable with sitting at baseline as an outcome, prior obesity did 
predict both TV viewing and leisure time sitting. The differential associations 
observed between sitting indicators with incident diabetes (prior to final 
adjustment for BMI) and obesity (the association between antecedent obesity 
and TV viewing time only) is testament to the importance of examining 
individual sitting behaviours that occur in different contexts separately. These 
associations would have been missed if this novel methodology had not been 
considered and instead a single sitting indicator or a measure of total sitting 
only was employed.  
 
The absence of prospective associations between sitting indicators and 
health outcomes in the fully adjusted models is inconsistent with a number of 
previous prospective studies which have demonstrated positive associations 
between sitting indicators and disease risk. There are however a number of 
potential explanations for these findings which relate to differences between 
cohorts and important methodological considerations. 
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11.2.2. Differences in reported volume of sitting time between cohorts 
It is possible that the absence of associations between sitting and health 
outcomes in this thesis is due in part to the relatively low levels of daily sitting 
reported by the Whitehall II cohort. As discussed previously, 73% of the sample 
in the analysis of sitting and mortality risk in chapter 5 would have fallen into the 
lowest tertile for TV viewing described in analysis of data from the EPIC-Norfolk 
study by Wijndaele and co-workers,55 and only 7% in the top tertile. Other 
studies of mortality risk have also reported far higher sitting values than those 
observed in the Whitehall II data.150 The total sitting time values reported in the 
analysis of sitting and CVD risk in chapter 6 were lower than those reported in 
two previous prospective studies where significant associations were observed 
with CVD risk, but almost identical to another prospective study where no 
association was observed.  The analysis in chapter seven is the first to look at 
prospective associations between total sitting and obesity. Previous prospective 
studies have focussed on associations with TV viewing and only one reported 
similar volumes of TV viewing to those reported in the Whitehall II cohort.56  TV 
viewing is far higher in three cohort studies from the US190-192 including the 
study by Krishnan which observed a higher risk of development of diabetes in 
participants (well over half of the study sample) who reported watching more 
than 5 hrs of television per day (>35 hrs per week). Of the Whitehall II 
participants examined in chapter seven around 72% reported watching less 
than 16 hrs of television per week. It is therefore possible that sitting behaviour 
within the Whitehall II cohort is insufficient to see associations with disease 
outcomes. However it must be acknowledged that significant differences in 
mortality risk have been observed  for as little as 1 hr differences in daily 
sitting53 55 even at low sitting volumes, suggesting that any associations 
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between sitting and disease risk in the present analyses should be evident even 
though mean daily sitting is relatively low. 
 
11.2.3. The protective effect of walking 
Another possible explanation for the absence of prospective associations 
between sitting and any of the health outcomes in the present analyses is the 
high volumes of walking reported in the Whitehall II cohort. As discussed 
previously this may reflect the commuting habits of London based employees. 
The public transport infrastructure in London is such that those working in the 
Whitehall offices of the British Civil Service are more likely to walk or stand (on 
buses or trains) than people residing in other areas of the country who may be 
more accustomed to commuting by car.313 The mean (SD) daily walking time in 
the analysis groups from chapters five, six, seven and eight were 42.43 
(±22.66), 46.70 (± 30.06), 42.73 (± 22.59) and 40.71 (± 20.83) mins/day which 
is considerably higher than the population average reported in the 2005 UK 
Time Use Survey (17 mins/ day).314 A number of prospective studies have 
reported significant inverse associations between daily walking and risk for 
mortality (from all-causes317 and from cardiovascular disease),318 cardiovascular 
disease,331 diabetes191 and obesity.191 Habitual active transport has been shown 
to reduce risk for mortality315 and CVD419 and active commuting has also been 
reported to moderate the association between TV viewing time and body mass 
index.199 360 The pattern in which walking bouts are accumulated might also be 
important when considering a possible protective effect of walking within the 
Whitehall II cohort. The frequency and distribution of short walking bouts was 
not measured in the Whitehall II questionnaire and would be difficult to capture 
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accurately using self-report measures of walking. However given the 
experimental evidence detailed in chapter 10 of this thesis (and elsewhere)273 
275 suggesting that repeated light intensity walking bouts may benefit metabolic 
health it is important to acknowledge the potential protective contribution of 
accumulating walking in this way. If Whitehall II participants not only undertake 
high volumes of walking but also walk intermittently, this could offer a degree of 
protection from the metabolic consequences of inactivity. 
 
The volume of MVPA reported in the Whitehall II cohort is also high in 
comparison with previous cohort studies and it has previously been reported 
that London civil servants report higher levels of physical activity than the age-
matched wider population.319 It is therefore possible that the absence of 
prospective associations between sitting indicators and health risk in the current 
analysis is due to the protective effect of higher than average total daily energy 
expenditure within the study population. Statistical adjustment for the 
confounding effects of walking and MVPA is not helpful if the level of walking 
and activity is high for all levels of sitting. This protective effect of physical 
activity has been observed previously. Van der Ploeg and co-workers153 
observed that in people who were healthy at baseline only those who undertake 
no daily physical activity at all experienced an increase in mortality risk with 
higher levels of daily sitting. A number of other studies have also reported 
associations between sitting and health risk that are significantly attenuated in 
those who are physically active.63 70 420 
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11.2.4. The possible effects of residual confounding 
Previous studies have concluded that sitting represents a risk to health 
that is unique and unrelated to physical activity. However it is possible that 
some of these observed associations are due to residual confounding. Possible 
sources of residual confounding in the current literature include differences in 
diet and snacking behaviour, incomplete adjustment for physical activity and 
failure to adjust for BMI or adiposity. 
 
11.2.4.2. The confounding effect of snacking behaviour on the association 
between TV viewing and health 
TV viewing, as a prevalent sedentary leisure time activity, is the most 
commonly researched sitting behaviour and has been repeatedly linked with 
disease risk.53 65 191 In chapter seven, prior to adjustment for BMI there was a 
significant positive association between TV viewing and diabetes risk which was 
not evident in either non-TV leisure time sitting or sitting at work. As discussed 
previously it is possible that an association is more likely to be observed with TV 
viewing than with non-TV leisure time sitting because it can be recalled with 
more precision than other leisure time sitting activities which may happen more 
sporadically or for shorter periods. However TV viewing is also associated with 
snacking behaviour and particularly the consumption of energy dense foods and 
beverages,74 possibly due to the influence of television food advertising.  It has 
been reported that adults consume more food following exposure to food 
advertising regardless of how hungry they are.74  Adjusting analyses of the 
association between TV viewing and waist circumference for food and beverage 
consumption during viewing has also been shown to significantly attenuate the 
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observed positive association.321 The measurement of diet in observational 
studies is complicated and is often subject to substantial measurement error 
(both systematic and random)421 which can affect the interpretation of nutritional 
information in epidemiologic studies.422-424 This issue is further complicated by 
the need to examine the precise context surrounding food consumption. A 
randomised controlled trial of TV viewing in children observed that TV related 
snacking behaviour ceases when TV viewing stops.425 This suggests that even 
adjusting analyses for overall snacking behaviour may miss the important co-
occurrence of TV viewing with snacking. The absence of an accurate and 
reliable assessment of food intake means that it is impossible to rule out the 
contribution of snacking behaviour to the observed associations between sitting 
while watching TV and risk to health. 
 
11.2.4.3. The confounding effects of energy expenditure 
A key assertion from previous observational research examining either 
self-reported sitting or accelerometer defined sedentary time is that the 
detrimental effect of sitting is separate from and independent of the effect of 
physical activity. The persistent relationship between sedentary behaviour and 
disease outcomes or cardiometabolic deficits even when adjusted for physical 
activity has been cited as evidence of sedentary behaviour’s unique health 
effect.375 However the epidemiological analyses on which these assertions are 
based have tended to adjust for limited measures of physical activity such as 
duration of MVPA53 190 191 or even subcomponents of MVPA such as leisure 
time physical activity.62 152 There are a number of problems with this. Firstly, 
MVPA is not a homogenous entity. Moderate and vigorous activity have distinct 
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physiologic effects426 and the proportions of moderate and vigorous activity that 
make up total MVPA would dictate the total energy expenditure for this period. 
Two people could therefore have the same recorded daily minutes of MVPA but 
might have vastly different activity profiles and total daily energy expenditures. 
Secondly, by adjusting for MVPA only, light intensity activity, which is also 
associated with health benefits7 and which constitutes a far larger proportion of 
an individual’s waking hours than MVPA, is ignored. When sedentary behaviour 
is defined by accelerometers (as time spent below a threshold movement value) 
it is not possible to adjust for time spent in MVPA and light intensity activity as 
collinearity would occur given that time spent in sedentary, light and moderate 
to vigorous activities would add up to 100% of wear time. However in the only 
paper to examine this methodological limitation, Maher and co-workers375 
observed that although accelerometer defined sedentary time was detrimentally 
associated with a number of metabolic markers following adjustment for 
covariates including daily minutes of MVPA, when MVPA was replaced in the 
analytical model with a measure of total daily physical activity (total 
accelerometer counts minus those accrued during sedentary behaviour) all 
associations were attenuated to null. This suggests that the observed 
associations between sitting and health outcomes may be due at least in part to 
differences in total daily energy expenditure or light intensity physical activity 
rather than sitting itself.  
 
As discussed above, a number of studies have also presented results 
which also suggest that sitting behaviour and physical activity are not totally 
independent in their associations with health outcomes. Matthews et al70 
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observed that the association between sitting and mortality risk was strongest in 
those reporting low levels of moderate to vigorous physical activity while Pavey 
and co-workers63 reported a significant interaction between sitting time and 
adherence to government physical activity recommendations in the association 
with all-cause mortality risk. In addition Chu and co-workers420 observed an 
attenuated association of sitting time with metabolic syndrome, abdominal 
obesity, hypertriglyceridemia and hyperglycaemia in active compared to inactive 
participants (according to adherence to public health physical activity 
guidelines). Moreover associations with BMI and hypertension while significant 
in inactive participants were not significantly associated in active participants.  
 
11.2.4.4. The confounding effects of adiposity 
A number of epidemiological investigations into sitting behaviour and 
health have also failed to adjust for BMI or differences in adiposity. In chapter 
seven we reported that following adjustment for covariates including walking 
and MVPA there was a significant association between both TV viewing and 
total sitting time with risk for incident type II diabetes over 15 years of follow-up 
in Whitehall II participants. When analyses were additionally adjusted for BMI 
these associations were attenuated to null. Of the existing studies examining 
the prospective associations between sitting and diabetes risk only three 
included a marker of adiposity as a covariate. In all these studies the positive 
associations were significantly attenuated following adjustment for baseline BMI 
and in one study the association was attenuated to null. As described previously 
it has also been reported that markers of adiposity explained between 27.3% 
and 95.9% of the association between sitting time and a range of metabolic risk 
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markers.252 These findings suggest that differences in health risk associated 
with sitting time might also be attributable in part to differences in adiposity. 
 
 It has been argued that obesity is solely on the causal path between 
sitting and increases in disease risk54 and should therefore not be treated as a 
covariate. However analysis of the association between sitting and obesity in 
chapter eight not only showed that sitting was not predictive of future obesity 
but also that prior obesity was associated with higher levels of TV viewing and 
total leisure time sitting. A number of other prospective analyses have also 
observed reverse causality in the association between sitting and obesity83 250 
suggesting that obesity might be both a cause and a consequence of obesity. 
This is logical when it is considered that while spending large proportions of the 
day sitting displaces activities which require a higher energy expenditure and 
could therefore contribute to a positive energy balance and obesity, it is also 
very plausible that people who are overweight or obese may select leisure time 
activities or even occupations which require more sitting and less activity. This 
complex and potentially cyclical association between sitting and adiposity may 
confound associations between sitting and health outcomes and requires further 
research attention in order to understand how obesity influences sitting 
behaviour and how this might affect the relationship between sitting and disease 
risk. 
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11.2.5. The effects of exposure misclassification 
Studies examining associations between sitting and health outcomes 
have defined their exposures in different ways and have employed a range of 
measurement tools to quantify them. Self-report questionnaires typically 
assessing total or domain specific sitting, objective measures of movement 
(where sedentary time is defined as time spent below a pre-determined 
threshold in total body movement) and physiological estimates of energy 
expenditure from heart rate data (where sedentary time is estimated from time 
spent below a heart rate threshold) have all been used in studies that have 
observed positive associations between ‘sitting’ and health risk. This 
heterogeneity not only limits comparability between studies but also limits 
understanding of the true nature of the exposure i.e. is it sitting itself, or low 
movement/heart rate that is the risk behaviour? In addition the use of any of 
these measures will introduce varying degrees of exposure misclassification 
and this is an important consideration when comparing studies and their 
findings.   
 
The use of self-report measures of sitting is an important strength of the 
analyses presented in chapters five to eight as it allows the collection of 
contextual information which is not available from objective measures such as 
accelerometers or heart rate monitors. In this way it permits the necessary 
examination of both total and domain specific sitting time. Nevertheless self-
reporting lifestyle and health behaviours is problematic and this is especially 
true for complex behaviours such as sitting which can occur in short periods 
sporadically throughout the day, and in a wide variety of contexts. 
 352 
 
Misclassification of sitting, if non-differential, would lead to the attenuation of 
any true association with health outcomes towards the null. It is therefore 
possible that non-differential misclassification of sitting may have contributed to 
the absence of significant associations between sitting and mortality, 
cardiovascular disease, type II diabetes and obesity in the present analyses.  
 
Conversely the potential effects of differential misclassification of sitting 
must also be considered when examining the present findings alongside the 
existing evidence base. It is likely that sitting behaviour is often underreported 
for reasons of social desirability due to the publicised health detriments 
associated with being inactive. It is also likely that there are systematic 
differences in the under-reporting of sitting behaviours between population 
subgroups which may influence observed associations with health outcomes. 
For example, people who are more active, health conscious (and therefore 
perhaps healthier) might be more likely to under-report behaviours such as TV 
viewing than those people who are less active or health conscious, or healthy. 
In this way systematic difference in underreporting might artificially inflate the 
associations between self-reported sitting and disease risk. Differences in 
patterns of under-reporting between study populations may also have 
contributed to the inconsistency between the findings described in chapter five 
to eight and those observed in previous cohort studies. 
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11.2.6. The potential for publication bias 
While the findings from chapters five to eight are inconsistent with a 
number of previous observational studies linking sitting time with disease risk 
the possibility of publication bias within the current literature must also be 
considered. As discussed previously a recent meta-analysis27 examining 
associations between sedentary time and health outcomes reported evidence of 
publication bias in the literature examining associations between sitting and 
diabetes. While no such analysis was reported for other health outcomes due to 
the relatively low number of published prospective studies it is logical to 
consider that other unpublished null findings exist.  
 
Within the existing published literature, inconsistencies in the definition of sitting 
exposures in observational studies, the potential for significant exposure 
misclassification and the possible effects of residual confounding reinforce the 
need to establish the precise nature of the exposure and to begin to examine 
potential causal mechanisms which might explain the observed negative 
associations with health risk. This was another primary aim of this thesis.  
 
11.3. What causes the risk? Differential effects of sustained versus 
interrupted sitting  
In light of the uncertainty about the nature of the reported risk posed by 
sitting to health, chapter ten of this thesis aimed to address another primary aim 
of this thesis by examining a potential biological mechanism which might 
underpin a detrimental effect of sitting. In order to do this a laboratory based 
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experimental study with a three trial repeated measures cross-over design was 
undertaken.  
 
It was observed that plasma glucose and insulin responses to a standard 
oral glucose tolerance test, plasma insulin response to a mixed test meal and 
insulin sensitivity (as defined by Matsuda)171 were all significantly improved 
when a seven hour day of sitting at a desk was interrupted every 20 minutes 
with two minute bouts of light intensity walking compared to a control trial of 
sustained sitting. Conversely repeated two minute bouts of standing did not 
significantly improve any of the outcome measures relative to the control trial. 
The likely mechanism for these findings relates to the additive effect of 
muscular contraction on muscle cell glucose uptake and insulin sensitivity. 
These findings are consistent with two other experimental studies which have 
also shown beneficial effects of repeated short bouts of walking.273 275  Results 
from this study are encouraging as they suggest that fairly minor behavioural 
modifications (the addition of three short walking breaks per hour) may be of 
significant benefit to individuals who spend extended periods of the day sitting 
down. 
 
Importantly, this study is the first to examine the effect of repeated short 
bouts of standing, a necessary step in clarifying the risk associated with sitting. 
As discussed previously a fundamental question regarding the reported 
independent effects of sitting is whether the posture of sitting itself is detrimental 
or whether sitting is simply a proxy for low energy expenditure or levels of light 
intensity activity.375 The finding that repeated changes in posture (from sitting to 
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standing), in the absence of a meaningful increase in energy expenditure, did 
not significantly improve markers of glucose regulation suggests that the 
observed risk associated with high volumes of sitting may actually be 
attributable to low levels or an absence of light intensity activity rather than 
sitting per se.  
 
This conclusion is consistent with observational evidence (described 
above) that associations between sedentary time and biological risk markers 
(including markers of glucose and insulin regulation) were attenuated when 
analyses were adjusted for total physical activity (including light intensity 
activity) rather than just duration of MVPA.375  
 
11.4. Overall summary 
This thesis has provided a novel and detailed examination of sitting 
behaviour and its association with health using both observational and 
experimental methodologies and a range of analytical techniques.  Analyses of 
observational data from the Whitehall II study (presented in chapters five to 
eight) revealed no significant associations between total or domain specific 
sitting time with risk for mortality, cardiovascular disease, diabetes or obesity in 
fully adjusted analyses. Findings from these analyses are largely inconsistent 
with existing prospective studies which have reported significant positive 
associations between sitting and disease risk. However the range of measures 
used and hence the variety of definitions of the exposure employed by these 
studies makes comparisons between studies difficult and also leaves 
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uncertainty as to the nature of the risk behaviour.  The possibility of the 
contribution of residual confounding (due to incomplete or imprecise adjustment 
for dietary factors, adiposity and physical activity) in existing prospective studies 
adds to this uncertainty. It is argued that associations between sitting and health 
outcomes that are persistent following adjustment for time spent in moderate to 
vigorous physical activity is evidence for a link between sitting time and health 
that is unique and independent of physical activity. It would follow that the true 
exposure is related to the posture of sitting itself.  However, by only adjusting for 
moderate to vigorous physical activity it is impossible to say with any certainty 
that observed associations are not simply reflective of differences in light 
intensity activity. A number of studies have also reported associations between 
sitting and mortality risk and metabolic health that are far weaker63 70 420 or even 
non-significant153 in those who are physically active, again suggesting that the 
associations of sitting and physical activity with health are not entirely 
independent.  
 
The experimental study presented in chapter 10 builds on existing 
experimental evidence by examining whether standing (i.e. not sitting but not 
moving) has the same benefits to glucose metabolism as light intensity 
ambulation. The absence of an effect of repeated bouts of standing again 
suggests that movement and energy expenditure are the important variables 
rather than the posture of sitting itself. The experimental investigation of 
patterns of sitting and light intensity activity is in its infancy and developments in 
this area are key to a better understanding of the previously observed 
associations between sitting and health and the biological mechanisms which 
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underpin them.  The present findings while not consistent with a detrimental 
effect of sitting per se are encouraging as they suggest that small increases in 
light intensity activity could improve the health of people who spend large and 
sustained periods of their day sitting down.  This is particularly significant given 
the increasing opportunities for sitting in all areas of daily life.  
 
11.5. Strengths and limitations of thesis 
A significant strength of this thesis is the use of both observational and 
experimental study designs to examine the relationship between sitting and 
health. The use of a range of sitting exposures including both total and domain 
specific sitting indicators is a novel approach and one that provides further 
insight into the potentially differential associations between specific sitting 
behaviours and health outcomes. As different sitting behaviours may be 
associated with different durations or patterns of sitting or with the co-
occurrence of other health behaviours (for example TV viewing and snacking 
behaviour) this can allow important insight into to the possible mechanisms for 
observed associations. 
 
While the use of rich population level data allows the examination of the 
prevalence of sitting and the associations with objectively defined health 
outcomes, the examination of experimental manipulation of sitting, standing and 
walking takes this one step further by directly assessing resultant changes in 
metabolic parameters  which might underpin these associations. In this way it 
has been possible to begin to address the fundamental questions in this field, 
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relating to the true nature of the exposure (i.e. does sitting itself effect health or 
is it a proxy for low levels of movement/energy expenditure). 
 
This thesis is not without limitation.  Both the Whitehall II and HSE 
datasets were not designed to examine sitting behaviours in detail, and 
therefore the questionnaire items relating to sitting limited the research 
questions that could be addressed. It was not possible to examine the duration 
or frequency of individual bouts of sitting, only the overall duration of sitting (or 
specific sitting behaviours) in a given period. Given existing observational and 
experimental evidence relating to interrupting sustained periods of sitting, by 
focussing on overall average daily sitting values important associations between 
health outcomes and different durations of sitting and physical activity may have 
been masked. As these cohort studies were not designed to examine the 
associations between sitting and health they also did not collect data on 
potentially important confounders that are specific to individual sitting 
behaviours such as snacking during TV viewing.  In addition, although 
prospective data from the Whitehall II study allowed the examination of disease 
incidence, the absence of multiple measures of sitting over a number of time 
points prevented the examination of how changes in sitting might be reflected in 
changes in disease risk.  
 
It was also not possible to separately examine sitting while in transport. 
This was combined with the measure of sitting at work in the Whitehall II 
questionnaire (participants were asked ‘on average how many hours per week 
do you spend sitting at work, including driving or commuting’) and was not 
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featured in the HSE 2008 questionnaire. An increasing proportion of workers in 
affluent societies are employed in white collar office based occupations320 in 
which sitting predominates. Therefore commuting to and from work remains a 
potentially important contributor to differences in daily sitting and physical 
activity behaviours.427 Active commuting is associated with both higher total 
daily physical activity427 and important positive health effects.428-430 It has also 
been observed that habitual active transport may moderate the observed 
association between TV viewing and obesity.199 360 The inability to distinguish 
between work related sitting and sitting during commuting in the analyses within 
this thesis may mean that important associations were masked. Failure to 
adjust for important differences in sitting and physical activity during commuting 
may have confounded analysis of the association between work sitting and 
disease risk. 
 
The generalisability of the current findings must also be considered. 
Although the Whitehall II study sample provides high quality data on participants 
from a broad range of socioeconomic backgrounds, it is an occupational cohort 
study of employees from one industry sector, in a single area of the country, 
who at the study’s inception were all healthy enough to be in active 
employment. For this reason caution must be taken when using these findings 
to make inferences to populations from other geographic areas, industry sectors 
or to the population as a whole. Also, as discussed previously due to the 
specific inclusion criteria imposed for the purposes of the analyses of trends in 
sitting and accelerometer defined sedentary time, the study sample taken from 
the HSE 2008 dataset may not be representative of the population of England. 
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The laboratory based intervention study detailed in chapter 10 featured a 
sample of 25 healthy but inactive males preventing direct inferences being 
made to other population groups. However the findings of this study and 
others273-275 suggest that light intensity activity breaks in a given period of sitting 
can benefit glucose metabolism in both male and female participants of a range 
of ages and body mass index classifications.    
 
11.6. Future directions for research 
The findings and discussion within this thesis has highlighted two main 
directions for further research which would significantly advance our 
understanding of sedentary behaviour and its link with health. These are the 
fundamental questions of what is the precise nature of the exposure, and how 
should it be measured? 
 
11.6.2. Defining the exposure. 
In order to better understand the reported link between daily sitting and 
disease risk it is necessary to definitively establish the nature of the exposure 
behaviour i.e. whether, as previously hypothesised, sitting represents a unique 
and independent risk to health or whether, as suggested by the evidence 
presented in this thesis and elsewhere, sitting is a proxy for low levels of 
movement or energy expenditure.   
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The implications of the uncertainty as to the true nature of the exposure 
are wide ranging. Sitting is a ubiquitous behaviour and as such offers a wide 
range of opportunities for intervention. Specific common sitting behaviours such 
as TV viewing could be targeted by interventions, and durations or patterns of 
sitting could be changed in schools or in the work place in efforts to reduce the 
apparent risk.  However, by assuming the risk comes from sitting itself as a 
discrete behaviour (the implication being that simply not sitting leads to a 
reduction in risk) clinicians or policy makers might incorrectly recommend 
counter measures involving standing. This may not be of any benefit if the true 
exposure relates to low levels of energy expenditure rather than posture. 
Standing in the absence of an increase in energy expenditure may still 
constitute the same risk behaviour and as such these potentially costly and 
disruptive interventions may be ineffective. Recently, Peeters and co-workers431 
used data from the Australian Longitudinal Study on Women’s Health to 
examine differences in annual per capita health care costs according to average 
daily sitting time and habitual physical activity.  It was observed that physical 
inactivity but not sitting time was associated with higher annual health related 
costs. When the interaction between the two measures was examined, sitting 
time did not add to the higher costs associated with inactivity. These findings 
highlight the risk of focussing on the wrong exposure as it appears that 
measures to reduce sitting would not affect the burden of disease while 
continued efforts to increase physical activity would reduce healthcare costs.   
 
Further experimental studies examining the precise mechanisms that 
underpin the previously observed detrimental associations between sitting and 
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health are central to establishing the true nature of the exposure. It is vital that 
any future experimental studies should aim to differentiate between the effect of 
posture only (sitting versus standing) and the effect of an increase in movement 
or energy expenditure. This could be accomplished in a number of ways. In 
chapter 10 the inclusion of an experimental condition in which a sustained 
period of sitting was interrupted with standing was an important and novel 
aspect of this study as it begins to address the question of whether simply not 
sitting is of benefit or whether some kind of activity needs to be undertaken. 
This methodology certainly holds promise for future intervention studies. 
Studies examining different patterns of sitting, standing and light intensity 
activity could also include direct calorimetry which would allow the precise 
determination of the contribution of differences in energy expenditure to any 
observed metabolic effects.  
 
Of the small number of existing experimental studies examining the 
acute effects of patterns of sitting (including the study detailed in chapter 10) 
most have focussed on glucose and insulin regulation273-275 377 although one 
additionally examined plasma triglyceride concentrations275 and a further study 
examined associations with appetite regulatory hormones.432 There are number 
of metabolic parameters which may have been previously associated with 
sitting time in observational studies (including markers of inflammation, 
endothelial function and fat metabolism) which contribute to disease risk and 
which therefore require closer examination in controlled experimental 
conditions.  
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11.6.3. Improving measurement precision to clarify the associations 
between sitting and health in observational studies. 
As discussed previously imprecise measurement of sitting in observation 
studies may influence the observed associations with health outcomes. The 
importance of examining sitting behaviour in different contexts is highlighted in 
this thesis by the differential associations observed between different sitting 
behaviours with diabetes risk in chapter seven and the association between 
prior obesity and TV viewing only in chapter eight. This contextual information 
can be easily provided by self-report measures of sitting. However, as 
discussed above, estimates of sitting based on self-report measures may be 
undermined by issues of exposure misclassification. Bias due to both recall 
error and social desirability are both possible. Conversely objective measures 
do not measure sitting behaviour itself, just the absence of movement, which 
can also lead to misclassification and increases the uncertainty as to whether 
sitting itself or low levels of movement is the risk behaviour. 
 
The importance of establishing the true nature of the exposure and 
measuring it accurately is evident when the potential consequences of this 
uncertainty are considered. Chapter nine addresses the other primary aim of 
this thesis by describing the prevalence of self-reported leisure time sitting 
behaviours and accelerometer defined sedentary time in England. It was 
observed that men and women in England sit and watch TV for over two hours 
per day during the week and almost three hours per day at weekends, and sit 
for almost four and five hours per day during their leisure time on weekdays and 
weekend days respectively. When it is considered that all participants included 
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in this sample were in full time employment and that these sitting estimates 
represent leisure time sitting behaviour only, then this in itself suggests that if 
sitting behaviour does represent a risk to health then the scale of the exposure 
is significant.  However as discussed previously, day to day lifestyle behaviours 
such as sitting are difficult to recall as they can occur sporadically and often for 
very short periods. Behaviours which are considered socially undesirable such 
as TV viewing are also likely to be underreported. The use of these self-report 
estimates may therefore lead to a significant underrepresentation of the true 
prevalence of sitting and therefore an underestimate of the population level of 
the exposure. 
 
Conversely estimates of accelerometer defined sedentary time (defined 
as time spent below a movement threshold of 200 counts per minute) suggest 
that that both men and women spend almost 10 hrs per day engaged in 
sedentary behaviour. However as standing and some slow ambulation may also 
be classified as sedentary behaviour according to this movement threshold,121 
without additional contextual information about sitting behaviours  it is possible 
that such measures may overestimate the population prevalence of sedentary 
behaviour. If policy makers were deciding how much funding to allocate to 
tackling the health burden associated with sitting based on the population 
prevalence of the risk behaviour then the measurement tool chosen to measure 
the risk behaviour could significantly affect the resources allocated.  
 
Although sitting behaviour might be under-reported across the whole 
population, the degree of underreporting might also differ between population 
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subgroups which might in turn lead to incorrect conclusions regarding who 
might be most at risk or who might benefit most from interventions to reduce the 
risk behaviour. In chapter nine leisure time TV viewing on weekdays was 
observed to be significantly higher in men than in women, higher in the older 
age groups compared to younger age groups and higher in those of lower 
socioeconomic position as indicated by either employment grade or area 
deprivation score. Based on these findings it might be considered prudent to 
target a reduction in TV viewing in older men of low socioeconomic status. 
There is no way of knowing for certain whether this association reflects a 
difference in risk or simply a difference  in the recall or reporting bias of TV 
viewing between genders, age groups or between socioeconomic 
classifications.  It is therefore possible that research time and money and public 
funding might be misspent targeting a group within the population who are 
actually at no greater risk than anyone else. Conversely it must also be 
considered that by using an objective measure of sedentary behaviour such as 
accelerometers important differential associations by type of sitting might be 
lost.  
 
As discussed previously there is a need for objective measures which 
are able to differentiate accurately between sitting, standing and walking. The 
development of pattern recognition approaches (2.3.5) to the use of raw 
accelerometer data hold considerable promise. Being able to accurately define 
both total volume of sitting and durations of individual bouts of sitting and 
walking without the problems associated with recall error or bias would allow 
clarification of the associations between sitting, light intensity activity and health 
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outcomes. The addition of new technology such as wearable cameras could 
also allow the objective collection of contextual information necessary to 
examine context specific sitting which in turn would allow identification and 
consideration of behaviour specific determinants and confounders.  
 
11.7. Practical implications of findings 
Sedentary behaviour research remains in its infancy and as described 
above, a number of research questions need to be addressed to further 
advance our understanding of the associations between sitting time, light 
intensity activity and health. Nevertheless the results of the investigations 
presented within this thesis have a number of practical implications for 
researchers, policy makers and clinicians. 
 
11.7.2. Implications for researchers 
Researchers examining population level data on sitting and light intensity 
activity should measure domain specific sitting as well as total sitting time. The 
distinction between work related sitting and sitting while commuting would also 
be an important addition to the literature.  The correlates and determinants of 
separate sitting behaviours are likely to be different, and an examination of 
individual behaviours is crucial in fully understanding their differential 
associations with health outcomes. 
 
A further implication of the findings and discussion from this thesis is that 
observational studies should clearly define the exposure they are measuring 
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(total/domain specific sitting vs low movement) and select the best possible 
measurement tool available for that exposure (self-report or accelerometer). 
The inherent limitations of these methods in measuring sitting or sedentary time 
should be acknowledged. Great lengths should also be taken to ensure the 
accurate measurement of potential confounding factors including diet, adiposity 
and physical activity and the possibility of residual confounding, and the 
implications of this for the findings of observational analyses should be 
discussed. Where possible, studies examining associations between sitting and 
health outcomes should adjust their analyses for a measure of total physical 
activity energy expenditure (including light intensity activity) rather than time 
spent in MVPA. While it must be considered that precise adjustment for total 
physical activity energy expenditure would be more problematic in studies 
employing self-report measures of physical activity due to difficulties in recalling 
and reporting light intensity activity with any accuracy, estimates of common 
light intensity activities such as walking may be used (as employed in chapters 
five to eight). Studies employing accelerometer measures of sedentary time 
should adjust for total accelerometer counts (excluding counts accumulated 
below the sedentary threshold value).   
 
Where self-report measures of sitting are analysed in multivariate 
models, sensitivity analysis should be undertaken to examine the possibility that 
selection bias may influence estimates of sitting within the study population. 
Similarly, where accelerometers are used to measure sedentary time sensitivity 
analysis should be performed to address the possibility that estimates of 
prevalence or associations with health outcomes were influenced by; 
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misclassification due to choice of the cut-point used to determine sedentary 
time, or selection bias due to wear time criteria or the definition of non-wear. 
 
As discussed the fundamental question facing this field relates to 
whether the observed risk to health is a result of sitting itself or of low levels of 
energy expenditure. Experimental studies examining possible underlying 
mechanisms for these associations remain the best way to address this 
question. Researchers should separately examine the effects of posture and 
movement in order to better understand the risk behaviour. This could be 
achieved by either examining the effect of a change in posture (from sitting to 
standing), and a change in energy expenditure in separate trial arms or by 
directly and accurately measuring energy expenditure in order to establish the 
contribution of differences in energy expenditure to observed effects. Ideally a 
range of metabolic parameters should be examined as there are many 
underlying factors in the development of disease which could potentially be 
implicated in disease risk.     
 
The effect of different patterns of sitting, standing and walking should 
also be considered in order to clarify the effect of total energy expenditure per 
se versus repeated acute last bout effects of muscular contraction. This will 
offer further insight into the relationship between sitting, light intensity activity 
and metabolism. 
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11.7.3. Implications for policy makers 
The findings presented in this thesis raise important issues which must 
be considered by policy makers. The findings suggest that sitting does not, as 
postulated previously, represent a risk to health that is independent of, and in 
addition to achieving only low levels of habitual physical activity. Experimental 
work examining the associations of sitting and light intensity activity with health 
and the mechanisms which might underpin these associations is still in it’s 
infancy. Observational evidence linking sitting and disease outcomes is 
undermined by the significant issues of exposure misclassification from both 
self-report and current objective measures of sitting/sedentary time and residual 
confounding from failure to properly adjust for total daily energy expenditure or 
BMI.  It is therefore impossible to say with any confidence that sitting is not 
simply a proxy for low levels of energy expenditure. The possibility that sitting 
poses an independent risk to health cannot be ruled out but the considerable 
gaps in our current understanding make it premature to produce guidelines for 
how populations should alter their behaviour. Establishing the prevalence of 
sitting is also problematic due to imprecision in the techniques currently 
available to classify total or domain specific sitting at a population level. 
Continuing efforts to define and accurately measure sedentary and light 
intensity activity behaviours and to establish the mechanisms that may underpin 
the observed associations with disease outcomes in the wider literature are 
essential before intervention design and guideline development.  
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11.7.4. Implications for clinicians 
The results of the investigations within this thesis suggest that clinicians 
should be cautious about warning of the risks of sitting behaviour that are 
additional to and separate from the risks of low levels of physical activity.  As 
discussed previously it is not possible to rule out the possibility that reported 
relationships between sitting time and health outcomes are due to low daily 
energy expenditure, the best solution to which is to increase daily physical 
activity even at light intensities.  The health benefits of physical activity are well 
established,304 and even sporadic light intensity activity, such as that employed 
in the experimental studies examining patterns of sitting time (both in chapter 10 
of this thesis and elsewhere)273 275 have been shown to improve a number of 
metabolic parameters. Habitual physical activity is still only undertaken by a 
minority despite these accepted health benefits and therefore until more robust 
epidemiological and mechanistic evidence exists about the specific risks of 
prolonged sitting the promotion of a physically active lifestyle should still be a 
priority for clinicians.  
 
11.8. Conclusion 
This thesis aimed to enhance understanding of the association between 
sitting time and health by examining fundamental questions relating to the true 
nature of the exposure, the health risk associated with sitting and the potential 
biological mechanisms which underpin this health risk. This thesis has 
enhanced the existing evidence base by highlighting the importance of 
separately examining specific sitting behaviours in the varying contexts in which 
they occur. Such behaviours are associated with different patterns of sitting (in 
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terms of frequency, duration and total volume), and as evidenced by the 
analyses in this thesis are differentially associated with sociodemographic 
correlates and health outcomes.  
 
Overall, findings from this thesis suggest that the previously reported 
prospective associations between sitting time and health risk may in fact be due 
to differences in light intensity physical activity. It has been postulated that 
sitting represents a risk to health that is independent of and in addition to the 
effects of physical activity. However previous studies have failed to adequately 
adjust for the effect of physical activity and therefore the observed associations 
may be due to residual confounding caused by differences in light intensity 
physical activity. This conclusion is supported by experimental manipulation of 
patterns of sitting, standing and walking, the findings from which suggest that 
interrupting the posture of sitting elicits no significant beneficial effect unless 
energy expenditure is increased by undertaking light intensity activity. If 
standing rather than sitting is not beneficial then the true exposure must relate 
to the absence, or low levels of light intensity activity rather than anything 
related to the sitting posture.  This study is the first to directly address the 
fundamental question regarding the true nature of the exposure by testing the 
potential beneficial effect of changes in posture only versus changes in energy 
expenditure. In this way this thesis has made an important and novel 
contribution to the literature. 
 
This thesis has also highlighted the complex bidirectional nature of the 
association between sitting behaviour and adiposity which requires further 
 372 
 
investigation as a potential confounder for the previously observed associations 
between sitting and disease risk.  
 
By addressing fundamental questions regarding the previously observed 
associations between sitting time and health, and in doing so identifying 
important methodological limitations in the existing evidence, this thesis has 
made a significant contribution to the sedentary behaviour research. In recent 
years, public health messages have increasingly encouraged people to reduce 
sitting behaviour (and often replace it with stationary standing). The findings 
from this thesis suggest that a better message would be to encourage 
movement at a low intensity. 
 
 
 
 
 
 
 
 
 
 373 
 
References 
1. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. 
Public Health Reports 1985; 100(2):126-31. 
 
2. Pate RR, O'Neill JR, Lobelo F. The evolving definition of "sedentary". 
Exercise and Sport Science Reviews 2008; 36(4):173-8. 
 
3. Franco G, Franco F. Bernardino Ramazzini: The Father of Occupational 
Medicine. American Journal of Public Health 2001; 91(9):1382-86. 
 
4. Morris JN, Heady JA, Raffle PAB, Roberts CG, Parks JW. Coronary Heart-
Disease and Physical Activity of Work. Lancet 1953; 265 (28):1111-20. 
 
5. Morris JN, Crawford MD. Coronary Heart Disease and Physical Activity of 
Work - Evidence of a National Necropsy Survey. British Medical Journal 
1958; 2 (20):1485-96. 
 
6. Paffenbarger RS, Jr., Wing AL, Hyde RT. Physical activity as an index of 
heart attack risk in college alumni. American Journal of Epidemiology 
1978; 108 (3):161-75. 
 
7. Wannamethee SG, Shaper AG. Physical activity in the prevention of 
cardiovascular disease: an epidemiological perspective. Sports Medicine 
2001; 31 (2):101-14. 
 374 
 
8. Gill JM, Cooper AR. Physical activity and prevention of type 2 diabetes 
mellitus. Sports Medicine 2008; 38 (10):807-24. 
 
9. Hill JO, Wyatt HR. Role of physical activity in preventing and treating obesity. 
Journal of Applied Physiology 2005; 99 (2):765-70. 
 
10. Shephard RJ, Futcher R. Physical activity and cancer: how may protection 
be maximized? Critical Reviews in Oncogenesis 1997; 8(2-3):219-72. 
 
11. Thune I, Furberg AS. Physical activity and cancer risk: dose-response and 
cancer, all sites and site-specific. Medicine and Science in Sports and 
Exercise 2001; 33(6 Suppl):S530-50; discussion S609-10. 
 
12. American College of Sports Medicine A. ACSM's Guidelines For Exercise 
Testing and Prescription. Sixth Edition ed. Baltimore, US Lippincott 
Williams and Wilkins, 2000. pp146. 
 
13. Department of Health. Physical Activity Guidelines in the UK: Review and 
Recommendations: Department of Health, 2010:1-87. 
 
14. Lee IM, Hennekens CH, Berger K, Buring JE, Manson JE. Exercise and risk 
of stroke in male physicians. Stroke 1999; 30 (1):1-6. 
 
15. Katzmarzyk PT, Gledhill N, Shephard RJ. The economic burden of physical 
inactivity in Canada. Canadian Medical Association Journal 2000; 163 
(11):1435-40. 
 375 
 
 
16. Gillum RF, Mussolino ME, Ingram DD. Physical activity and stroke incidence 
in women and men. The NHANES I Epidemiologic Follow-up Study. 
American Journal of Epidemiology 1996; 143 (9):860-9. 
 
17. Paffenbarger RS, Jr., Hyde RT, Wing AL, Hsieh CC. Physical activity, all-
cause mortality, and longevity of college alumni. New England Journal of 
Medicine 1986; 314 (10):605-13. 
 
18. Singh RB, Beegom R, Mehta AS, Niaz MA, De AK, Mitra RK, et al. Social 
class, coronary risk factors and undernutrition, a double burden of 
diseases, in women during transition, in five Indian cities. International 
Journal of Cardiology 1999; 69 (2):139-47. 
 
19. Marshall S, Gyi D. Evidence of health risks from occupational sitting: where 
do we stand? American Journal of Preventive Medicine 2010; 39 (4):389-
91. 
 
20. Marshall SJ, Merchant G. Advancing the science of sedentary behavior 
measurement. American Journal of Preventive Medicine 2013; 44 
(2):190-1. 
 
21. Owen N, Leslie E, Salmon J, Fotheringham MJ. Environmental 
determinants of physical activity and sedentary behavior. Exercise and Sport 
Science Reviews 
Exerc Sport Sci Rev 2000; 28 (4):153-8. 
 376 
 
 
22. Tremblay MS, Colley RC, Saunders TJ, Healy GN, Owen N. Physiological 
and health implications of a sedentary lifestyle. Applied Physiology 
Nutrition and Metabolism 2010; 35 (6):725-40. 
 
23. Bey L, Hamilton MT. Suppression of skeletal muscle lipoprotein lipase 
activity during physical inactivity: a molecular reason to maintain daily 
low-intensity activity. Journal of Physiology 2003; 551 (Pt 2):673-82. 
 
24. Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure and 
sitting in obesity, metabolic syndrome, type 2 diabetes, and 
cardiovascular disease. Diabetes 2007; 56 (11):2655-67. 
 
25. Hamilton MT, Hamilton DG, Zderic TW. Exercise physiology versus 
inactivity physiology: an essential concept for understanding lipoprotein 
lipase regulation. Exercise and Sport Science Reviews 2004; 32(4):161-
6. 
 
26. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the 
population health science of sedentary behavior. Exercise and Sport 
Science Reviews 2010; 38 (3):105-13. 
 
27. Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et 
al. Sedentary time in adults and the association with diabetes, 
cardiovascular disease and death: systematic review and meta-analysis. 
Diabetologia 2012; 55 (11):2895-905. 
 377 
 
 
28. Brown WJ, Bauman AE, Owen N. Stand up, sit down, keep moving: turning 
circles in physical activity research? British Journal of Sports Medicine 
2009; 43 (2):86-8. 
 
29. George ES, Rosenkranz RR, Kolt GS. Chronic disease and sitting time in 
middle-aged Australian males: findings from the 45 and Up Study. 
International Journal of Behavioural Nutrition and Physical Activity 2013; 
10:20. 
 
30. Rhodes RE, Mark RS, Temmel CP. Adult sedentary behavior: a systematic 
review. American Journal of Preventive Medicine 2012; 42 (3): 3-28. 
 
31. Dunstan DW, Howard B, Healy GN, Owen N. Too much sitting--a health 
hazard. Diabetes Research and Clinical Practice 2012; 97 (3):368-76. 
 
32. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate 
RR, et al. Amount of time spent in sedentary behaviors in the United 
States, 2003-2004. American Journal of Epidemiology 2008; 167 (7):875-
81. 
 
33. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. 
Physical activity in the United States measured by accelerometer. 
Medicine and Science in Sports and Exercise 2008; 40 (1):181-8. 
34. Healy GN, Wijndaele K, Dunstan DW, Shaw JE, Salmon J, Zimmet PZ, et 
al. Objectively measured sedentary time, physical activity, and metabolic 
 378 
 
risk: the Australian Diabetes, Obesity and Lifestyle Study (AusDiab). 
Diabetes Care 2008; 31 (2):369-71. 
 
35. Healy GN, Dunstan DW, Salmon J, Shaw JE, Zimmet PZ, Owen N. 
Television time and continuous metabolic risk in physically active adults. 
Medicine and Science in Sports and Exercise 2008; 40 (4):639-45. 
 
36. Department of Health. Sedentary Behaviour and Obesity: Review of Current 
Scientific Evidence, 2010. 
 
37. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. 
Physical activity and public health: updated recommendation for adults 
from the American College of Sports Medicine and the American Heart 
Association. Medicine and Science in Sports and Exercise 2007; 39 
(8):1423-34. 
 
38. Sallis JF, Owen N, Fotheringham MJ. Behavioral epidemiology: a 
systematic framework to classify phases of research on health promotion 
and disease prevention. Annals of Behavioral Medicine 2000; 22 (4): 
294-8. 
 
39. Bradford-Hill A, The Environment and Disease: Association or Causation; 
Proceedings of the Royal Society of Medicine: Section of Occupational 
Medicine. 1965. pp 295-300. 
 
 379 
 
40. Owen N. Ambulatory monitoring and sedentary behaviour: a population-
health perspective. Physiological measurement 2012; 33 (11):1801-10. 
 
41. Clark BK, Sugiyama T, Healy GN, Salmon J, Dunstan DW, Owen N. Validity 
and reliability of measures of television viewing time and other non-
occupational sedentary behaviour of adults: a review. Obesity Reviews 
2009; 10 (1):7-16. 
 
42. Kerr J, Marshall SJ, Godbole S, Chen J, Legge A, Doherty AR, et al. Using 
the SenseCam to Improve Classifications of Sedentary Behavior in Free-
Living Settings. American Journal of Preventive Medicine 2013; 44 
(3):290-96. 
 
43. Haskell WL. Physical activity by self-report: a brief history and future issues. 
Journal of Physical Activity and Health 2012; 9 Suppl 1: 5-10. 
 
44. Taylor HL, Klepetar E, Keys A, Parlin W, Blackburn H, Puchner T. Death 
rates among physically active and sedentary employees of the railroad 
industry. Am Journal of Public Health and Nations Health 1962; 52:1697-
707. 
 
45. Menotti A, Puddu V. Ten-year mortality from coronary heart disease among 
172,000 men classified by occupational physical activity. Scandanavian 
Journal of Work, the Environment and Health 1979; 5 (2):100-8. 
 
 380 
 
46. Paffenbarger RS, Jr., Laughlin ME, Gima AS, Black RA. Work activity of 
longshoremen as related to death from coronary heart disease and 
stroke. New England Journal of Medicine1970; 282 (20):1109-14. 
 
47. Zukel WJ, Lewis RH, Enterline PE, Painter RC, Ralston LS, Fawcett RM, et 
al. A short-term community study of the epidemiology of coronary heart 
disease. A preliminary report on the North Dakota study. American 
Journal of Public Health and Nations Health 1959; 49:1630-9. 
 
48. Davies CT, Drysdale HC, Passmore R. Does Exercise Promote Health? 
Lancet 1963; 2 (7314):930-2. 
 
49. Brunner D, Manelis G. Myocardial Infarction among Members of Communal 
Settlements in Israel. Lancet 1960; 2 (12):1049-50. 
 
50. Fox SM, 3rd, Haskell WL. Population studies. Canadian Medical Association 
Journal 1967; 96 (12):806-11. 
 
51. Hammond EC. Smoking in Relation to Mortality and Morbidity. Findings in 
First Thirty-Four Months of Follow-up in a Prospective Study Started in 
1959. Journal of the National Cancer Institute 1964; 32:1161-88. 
 
52. Stroebele N, de Castro JM. Television viewing is associated with an 
increase in meal frequency in humans. Appetite 2004; 42 (1):111-3. 
 
 381 
 
53. Dunstan DW, Barr EL, Healy GN, Salmon J, Shaw JE, Balkau B, et al. 
Television viewing time and mortality: the Australian Diabetes, Obesity 
and Lifestyle Study (AusDiab). Circulation 2010; 121 (3):384-91. 
 
54. Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary 
time and cardio-metabolic biomarkers in US adults: NHANES 2003-06. 
European Heart Journal 2011. 1-8 
 
55. Wijndaele K, Brage S, Besson H, Khaw KT, Sharp SJ, Luben R, et al. 
Television viewing time independently predicts all-cause and 
cardiovascular mortality: the EPIC Norfolk study. International Journal of 
Epidemiology 2011; 40 (1):150-9. 
 
56. Ford ES, Schulze MB, Kroger J, Pischon T, Bergmann MM, Boeing H. 
Television watching and incident diabetes: Findings from the European 
Prospective Investigation into Cancer and Nutrition-Potsdam Study. 
Journal of Diabetes 2010; 2 (1):23-7. 
 
57. Bouchard C, Tremblay A, Leblanc C, Lortie G, Savard R, Theriault G. A 
method to assess energy expenditure in children and adults. American 
Journal of Clinical Nutrition 1983; 37 (3):461-7. 
 
58. Ainsworth BE, Bassett DR, Jr., Strath SJ, Swartz AM, O'Brien WL, 
Thompson RW, et al. Comparison of three methods for measuring the 
time spent in physical activity. Medicine and Science in Sports and 
Exercise 2000; 32 (9): 457-64. 
 382 
 
 
59. Rouse PC, Biddle SJH. An ecological momentary assessment of the 
physical activity and sedentary behaviour patterns of university students. 
Health Education Journal 2010; 69 (1):116-25. 
 
60. Sallis JF, Saelens BE. Assessment of physical activity by self-report: status, 
limitations, and future directions. Research Questions in Exercise and 
Sport 2000; 71 (2):S1-14. 
 
61. Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE. 
Measurement of adults' sedentary time in population-based studies. 
American Journal of Preventive Medicine 2011; 41 (2):216-27. 
 
62. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting Time and 
Mortality from All Causes, Cardiovascular Disease, and Cancer. 
Medicine and Science in Sports and Exercise 2009; 41 (5):998-1005. 
 
63. Pavey TG, Peeters GG, Brown WJ. Sitting-time and 9-year all-cause 
mortality in older women. British Journal of Sports Medicine 2012. 
 
64. Santos R, Soares-Miranda L, Vale S, Moreira C, Marques AI, Mota J. Sitting 
time and body mass index, in a Portuguese sample of men: results from 
the Azorean Physical Activity and Health Study (APAHS). International 
Journal of Environmental Reseach and Public Health 2010; 7 (4):1500-7. 
 
 383 
 
65. Wijndaele K, Brage S, Besson H, Khaw KT, Sharp SJ, Luben R, et al. 
Television viewing and incident cardiovascular disease: prospective 
associations and mediation analysis in the EPIC Norfolk Study. PLoS 
One 2011; 6 (5):e20058. 
 
66. Parsons TJ, Manor O, Power C. Television viewing and obesity: a 
prospective study in the 1958 British birth cohort. European Journal of 
Clinical Nutrition 2008; 62 (12):1355-63. 
 
67. Stamatakis E, Hamer M, Dunstan DW. Screen-based entertainment time, 
all-cause mortality, and cardiovascular events: population-based study 
with ongoing mortality and hospital events follow-up. Journal of the 
American College of Cardiology 2011; 57 (3):292-9. 
 
68. Pulsford RM, Stamatakis E, Britton AR, Brunner EJ, Hillsdon MM. Sitting 
Behavior and Obesity: Evidence from the Whitehall II Study. American 
Journal of Preventive Medicine 2013; 44 (2):132-8. 
 
69. Mummery WK, Schofield GM, Steele R, Eakin EG, Brown WJ. Occupational 
sitting time and overweight and obesity in Australian workers. American 
Journal of Preventive Medicine 2005; 29 (2):91-7. 
 
70. Matthews CE, George SM, Moore SC, Bowles HR, Blair A, Park Y, et al. 
Amount of time spent in sedentary behaviors and cause-specific mortality 
in US adults. American Journal of Clinical Nutrition 2012; 95 (2):437-45. 
 
 384 
 
71. Sugiyama T, Healy GN, Dunstan DW, Salmon J, Owen N. Is television 
viewing time a marker of a broader pattern of sedentary behavior? 
Annals of Behavioural Medicine 2008; 35 (2):245-50. 
 
72. Clark BK, Healy GN, Winkler EA, Gardiner PA, Sugiyama T, Dunstan DW, 
et al. Relationship of television time with accelerometer-derived 
sedentary time: NHANES. Medicine and Science in Sports and Exercise 
2011; 43 (5):822-8. 
 
73. Piligian GJ. It is also what you do when sitting. Archives of Internal Medicine 
2012; 172 (16):1272; author reply 73. 
 
74. Harris JL, Bargh JA, Brownell KD. Priming effects of television food 
advertising on eating behavior. Health Psychology 2009; 28 (4):404-13. 
 
75. Bauman A, Phongsavan P, Schoeppe S, Owen N. Physical activity 
measurement--a primer for health promotion. Promotion & education 
2006; 13 (2):92-103. 
 
76. Thomas JR, Nelson JK. Research Methods in Physical Activity 4th Edition. 
Leeds, UK: Human Kinetics, 2001. p181 
 
77. Deng HB, Macfarlane DJ, Thomas GN, Lao XQ, Jiang CQ, Cheng KK, et al. 
Reliability and validity of the IPAQ-Chinese: the Guangzhou Biobank 
Cohort study. Medicine and Science in Sports and Exercise 2008; 40 
(2):303-7. 
 385 
 
 
78. Kolbe-Alexander TL, Lambert EV, Harkins JB, Ekelund U. Comparison of 
two methods of measuring physical activity in South African older adults. 
Journal of Aging and Physical Activity 2006; 14 (1):98-114. 
 
79. Macfarlane D, Chan A, Cerin E. Examining the validity and reliability of the 
Chinese version of the International Physical Activity Questionnaire, long 
form (IPAQ-LC). Public Health and Nutrition 2011; 14 (3):443-50. 
 
80. Rosenberg DE, Bull FC, Marshall AL, Sallis JF, Bauman AE. Assessment of 
sedentary behavior with the International Physical Activity Questionnaire. 
Journal of Physical Activity and Health 2008; 5 Suppl 1:30-44. 
 
81. Aadahl M, Kjaer M, Jorgensen T. Associations between overall physical 
activity level and cardiovascular risk factors in an adult population. 
European Journal of Epidemiology 2007; 22 (6):369-78. 
 
82. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, 
et al. International physical activity questionnaire: 12-country reliability 
and validity. Medicine and Science in Sports and Exercise 2003; 35 
(8):1381-95. 
 
83. Ekelund U, Brage S, Besson H, Sharp S, Wareham NJ. Time spent being 
sedentary and weight gain in healthy adults: reverse or bidirectional 
causality? American Journal of Clinical Nutrition 2008; 88 (3):612-7. 
 
 386 
 
84. Wareham NJ, Jakes RW, Rennie KL, Mitchell J, Hennings S, Day NE. 
Validity and repeatability of the EPIC-Norfolk Physical Activity 
Questionnaire. International Journal of Epidemiology 2002; 31 (1):168-
74. 
 
85. Kurtze N, Rangul V, Hustvedt BE. Reliability and validity of the international 
physical activity questionnaire in the Nord-Trondelag health study 
(HUNT) population of men. BMC Medical Research Methodology 2008; 
8:63. 
 
86. Trinh OT, Nguyen ND, van der Ploeg HP, Dibley MJ, Bauman A. Test-retest 
repeatability and relative validity of the Global Physical Activity 
Questionnaire in a developing country context. Journal of Physical 
Activity and Health 2009; 6 Suppl 1:46-53. 
 
87. Chinapaw MJ, Slootmaker SM, Schuit AJ, van Zuidam M, van Mechelen W. 
Reliability and validity of the Activity Questionnaire for Adults and 
Adolescents (AQuAA). BMC Medical Research Methodology 2009; 9:58. 
 
88. Fjeldsoe BS, Marshall AL, Miller YD. Measurement properties of the 
Australian Women's Activity Survey. Medicine and Science in Sports and 
Exercise 2009; 41 (5):1020-33. 
 
89. Gardiner PA, Clark BK, Healy GN, Eakin EG, Winkler EA, Owen N. 
Measuring older adults' sedentary time: reliability, validity, and 
 387 
 
responsiveness. Medicine and Science in Sports and Exercise 2011; 43 
(11):2127-33. 
 
90. Rosenberg DE, Norman GJ, Wagner N, Patrick K, Calfas KJ, Sallis JF. 
Reliability and validity of the Sedentary Behavior Questionnaire (SBQ) for 
adults. Journal of Physical Activity and Health 2010; 7 (6):697-705. 
 
91. Schatzkin A, Subar AF, Moore S, Park Y, Potischman N, Thompson FE, et 
al. Observational epidemiologic studies of nutrition and cancer: the next 
generation (with better observation). Cancer Epidemiology, Biomarkers & 
Prevention : a Publication of the American Association for Cancer 
Research, cosponsored by the American Society of Preventive Oncology 
2009; 18 (4):1026-32. 
 
92. Blair A, Stewart P, Lubin JH, Forastiere F. Methodological issues regarding 
confounding and exposure misclassification in epidemiological studies of 
occupational exposures. American Journal of Industrial Medicine 2007; 
50 (3):199-207. 
 
93. Troiano RP, Gabriel KKP, Welk GJ, Owen N, Sternfeld B. Reported 
Physical Activity and Sedentary Behavior: Why Do You Ask? Journal of 
Physical Activity & Health 2012; 9:68-S75. 
 
94. Berggren G, Hohwu Christensen E. Heart rate and body temperature as 
indices of metabolic rate during work. Arbeitsphysiologie; Internationale 
Zeitschrift Fur angewandte Physiologie 1950; 14 (3):255-60. 
 388 
 
 
95. Livingstone MB, Prentice AM, Coward WA, Ceesay SM, Strain JJ, McKenna 
PG, et al. Simultaneous measurement of free-living energy expenditure 
by the doubly labeled water method and heart-rate monitoring. American 
Journal of Clinical Nutrition 1990; 52 (1):59-65. 
 
96. Ekelund U, Brage S, Franks PW, Hennings S, Emms S, Wareham NJ. 
Physical activity energy expenditure predicts progression toward the 
metabolic syndrome independently of aerobic fitness in middle-aged 
healthy Caucasians: the Medical Research Council Ely Study. Diabetes 
Care 2005; 28 (5):1195-200. 
 
97. Ekelund U, Franks PW, Sharp S, Brage S, Wareham NJ. Increase in 
physical activity energy expenditure is associated with reduced metabolic 
risk independent of change in fatness and fitness. Diabetes Care 2007; 
30 (8):2101-6. 
 
98. Ekelund U, Brage S, Griffin SJ, Wareham NJ. Objectively measured 
moderate- and vigorous-intensity physical activity but not sedentary time 
predicts insulin resistance in high-risk individuals. Diabetes Care 2009; 
32 (6):1081-6. 
 
99. Helmerhorst HJ, Wijndaele K, Brage S, Wareham NJ, Ekelund U. 
Objectively measured sedentary time may predict insulin resistance 
independent of moderate- and vigorous-intensity physical activity. 
Diabetes 2009; 58 (8):1776-9. 
 389 
 
 
100. Ceesay SM, Prentice AM, Day KC, Murgatroyd PR, Goldberg GR, Scott 
W, et al. The use of heart rate monitoring in the estimation of energy 
expenditure: a validation study using indirect whole-body calorimetry. 
British Journal of Nutrition 1989; 61 (2):175-86. 
 
101. Garet M, Boudet G, Montaurier C, Vermorel M, Coudert J, Chamoux A. 
Estimating relative physical workload using heart rate monitoring: a 
validation by whole-body indirect calorimetry. European Journal of 
Applied Physiology 2005; 94 (1-2):46-53. 
 
102. Vanhees L, Lefevre J, Philippaerts R, Martens M, Huygens W, Troosters T, 
et al. How to assess physical activity? How to assess physical fitness? 
European journal of cardiovascular prevention and rehabilitation : official 
journal of the European Society of Cardiology, Working Groups on 
Epidemiology & Prevention and Cardiac Rehabilitation and Exercise 
Physiology 2005; 12 (2):102-14. 
 
103. Rowlands AV, Eston RG. The Measurement and Interpretation of 
Children's Physical Activity. Journal of Sports Science & Medicine 2007; 
6 (3):270-76. 
 
104. Chen KY, Bassett DR, Jr. The technology of accelerometry-based activity 
monitors: current and future. Medicine and Science in Sports and 
Exercise 2005; 37 (11): 490-500. 
 
 390 
 
105. Vanhelst J, Mikulovic J, Bui-Xuan G, Dieu O, Blondeau T, Fardy P, et al. 
Comparison of two ActiGraph accelerometer generations in the 
assessment of physical activity in free living conditions. BMC research 
notes 2012; 5:187-91. 
 
106. Vanhelst J, Beghin L, Duhamel A, Bergman P, Sjostrom M, Gottrand F. 
Comparison of uniaxial and triaxial accelerometry in the assessment of 
physical activity among adolescents under free-living conditions: the 
HELENA study. BMC Medical Research Methodology 2012; 12: 26-31. 
 
107. Oliver M, Schofield GM, Badland HM, Shepherd J. Utility of accelerometer 
thresholds for classifying sitting in office workers. Preventive Medicine 
2010; 51 (5):357-60. 
 
108. Hagstromer M, Troiano RP, Sjostrom M, Berrigan D. Levels and patterns 
of objectively assessed physical activity--a comparison between Sweden 
and the United States. American Journal of Epidemiology 2010; 171 
(10):1055-64. 
 
109. Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. 
Breaks in sedentary time - Beneficial associations with metabolic risk. 
Diabetes Care 2008; 31 (4):661-66. 
 
110. Healy GN, Dunstan DW, Shaw JE, Zimmet PZ, Owen N. Objectively 
measured sedentary time and light-intensity physical activity are 
 391 
 
independently associated with components of the metabolic syndrome: 
the AusDiab study. Diabetologia 2008; 50: 67-68. 
 
111. Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science 
and Applications, Inc. accelerometer. Medicine and Science in Sports 
and Exercise 1998; 30 (5):777-81. 
 
112. Bassett DR, Jr., Ainsworth BE, Swartz AM, Strath SJ, O'Brien WL, King 
GA. Validity of four motion sensors in measuring moderate intensity 
physical activity. Medicine and Science in Sports and Exercise 2000; 32 
(9):471-80. 
 
113. Hendelman D, Miller K, Baggett C, Debold E, Freedson P. Validity of 
accelerometry for the assessment of moderate intensity physical activity 
in the field. Medicine and Science in Sports and Exercise 2000; 32 
(9):442-9. 
 
114. Rothney MP, Schaefer EV, Neumann MM, Choi L, Chen KY. Validity of 
physical activity intensity predictions by ActiGraph, Actical, and RT3 
accelerometers. Obesity (Silver Spring) 2008; 16 (8):1946-52. 
 
115. Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J, Freedson PS. 
Validation of wearable monitors for assessing sedentary behavior. 
Medicine and Science in Sports and Exercise 2011; 43 (8):1561-7. 
 
 392 
 
116. Welk GJ, Schaben JA, Morrow JR, Jr. Reliability of accelerometry-based 
activity monitors: a generalizability study. Medicine and Science in Sports 
and Exercise 2004; 36 (9):1637-45. 
 
117. Ekelund U, Brage S, Griffin SJ, Wareham NJ, Grp PUR. Objectively 
Measured Moderate- and Vigorous-Intensity Physical Activity but Not 
Sedentary Time Predicts Insulin Resistance in High-Risk Individuals. 
Diabetes Care 2009; 32 (6):1081-86. 
118. Rowlands AV, Thomas PW, Eston RG, Topping R. Validation of the RT3 
triaxial accelerometer for the assessment of physical activity. Medicine 
and Science in Sports and Exercise 2004; 36 (3):518-24. 
 
119. Matthews CE, Hagstromer M, Pober DM, Bowles HR. Best practices for 
using physical activity monitors in population-based research. Medicine 
and Science in Sports and Exercise 2012; 44 (1): 68-76. 
 
120. Stamatakis E, Davis M, Stathi A, Hamer M. Associations between multiple 
indicators of objectively-measured and self-reported sedentary behaviour 
and cardiometabolic risk in older adults. Preventive Medicine 2011; 54 
(1):82-7. 
 
121. Kozey SL, Lyden K, Howe CA, Staudenmayer JW, Freedson PS. 
Accelerometer output and MET values of common physical activities. 
Medicine and Science in Sports and Exercise 2010; 42 (9):1776-84. 
 
 393 
 
122. Hart TL, Ainsworth BE, Tudor-Locke C. Objective and subjective measures 
of sedentary behavior and physical activity. Medicine and Science in 
Sports and Exercise 2011; 43 (3):449-56. 
 
123. Marshall AL, Rachele JN, Marshall LAJ, Lai J, Jones LV. Sit Versus Stand: 
Can Sitting Be Accurately Identified Using MTI Accelerometer Data? 
Medicine and Science in Sports and Exercise 2010; 42 (5):475-75. 
 
124. Dijkstra B, Kamsma YP, Zijlstra W. Detection of Gait and Postures Using a 
Miniaturized Triaxial Accelerometer-Based System: Accuracy in Patients 
With Mild to Moderate Parkinson's Disease. Archives of Physical and 
Medical Rehabilitation 2010; 91 (8):1272-77. 
 
125. Freedson PS, John D. Comment on "estimating activity and sedentary 
behavior from an accelerometer on the hip and wrist". Medicine and 
Science in Sports and Exercise 2013; 45 (5):962-3. 
 
126. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity 
assessments in field-based research. Medicine and Science in Sports 
and Exercise 2005; 37 (11):531-43. 
 
127. Sirard JR, Slater ME. Compliance with wearing physical activity 
accelerometers in high school students. Journal of Physical Activity and 
Health 2009; 6 (1):148-55. 
 
 394 
 
128. Stamatakis E, Davis M, Stathi A, Hamer M. Associations between multiple 
indicators of objectively-measured and self-reported sedentary behaviour 
and cardiometabolic risk in older adults. Preventive Medicine 2012; 54 
(1):82-7. 
 
129. Kim J, Tanabe K, Yokoyama N, Zempo H, Kuno S. Objectively measured 
light-intensity lifestyle activity and sedentary time are independently 
associated with metabolic syndrome: a cross-sectional study of 
Japanese adults. International Journal of Behavioural Nutrition and 
Physical Activity 2013;10:30-36. 
 
130. Phillips LR, Parfitt G, Rowlands AV. Calibration of the GENEA 
accelerometer for assessment of physical activity intensity in children. 
Journal of Science Medicine and Sport 2013; 16 (2):124-8. 
 
131. Winkler EA, Gardiner PA, Clark BK, Matthews CE, Owen N, Healy GN. 
Identifying sedentary time using automated estimates of accelerometer 
wear time. British Journal of Sports Medicine 2012; 46 (6):436-42. 
 
132. Dowd KP, Harrington DM, Donnelly AE. Criterion and concurrent validity of 
the activPAL professional physical activity monitor in adolescent females. 
PLoS One 2012; 7 (10):e47633. 
 
133. Godfrey A, Culhane KM, Lyons GM. Comparison of the performance of the 
activPAL Professional physical activity logger to a discrete 
 395 
 
accelerometer-based activity monitor. Medical Engineering & Physics 
2007; 29 (8):930-4. 
 
134. Grant PM, Ryan CG, Tigbe WW, Granat MH. The validation of a novel 
activity monitor in the measurement of posture and motion during 
everyday activities. British Journal of Sports Medicine 2006; 40 (12):992-
7. 
 
135. Ridgers ND, Salmon J, Ridley K, O'Connell E, Arundell L, Timperio A. 
Agreement between activPAL and ActiGraph for assessing children's 
sedentary time. International Journal of Behavioural Nutrition and 
Physical Activity 2012; 9:15. 
 
136. Bonomi AG, Goris AH, Yin B, Westerterp KR. Detection of type, duration, 
and intensity of physical activity using an accelerometer. Medicine and 
Science in Sports and Exercise 2009; 41 (9):1770-7. 
 
137. Murphy SL. Review of physical activity measurement using accelerometers 
in older adults: considerations for research design and conduct. 
Preventive Medicine 2009; 48 (2):108-14. 
 
138. Heil DP, Brage S, Rothney MP. Modeling physical activity outcomes from 
wearable monitors. Medicine and Science in Sports and Exercise 2012; 
44 (1 Suppl 1):50-60. 
 
 396 
 
139. Rowlands AV, Stiles VH. Accelerometer counts and raw acceleration 
output in relation to mechanical loading. Journal of Biomechanics 2012; 
45 (3):448-54. 
140. Sabia S, van Hees VT, Shipley MJ, Trenell MI, Hagger-Johnson G, Elbaz 
A, et al. Association between questionnaire- and accelerometer-
assessed physical activity: the role of sociodemographic factors. 
American Journal of Epidemiology 2014; 179 (6):781-90. 
 
141. Staudenmayer J, Pober D, Crouter S, Bassett D, Freedson P. An artificial 
neural network to estimate physical activity energy expenditure and 
identify physical activity type from an accelerometer. Journal of Applied 
Physiology 2009; 107 (4):1300-7. 
 
142. de Vries S, Engels M, Galindo Garre F. Identification of Children's Activity 
Type with Accelerometer-Based Neural Networks. Medicine and Science 
in Sports and Exercise 2011; 43 (10):1994-99. 
 
143. Rowlands AV, Olds TS, Hillsdon M, Pulsford R, Hurst TL, Eston RG, et al. 
Assessing sedentary behavior with the GENEActiv: introducing the 
sedentary sphere. Medicine and Science in Sports and Exercise 2014; 
46 (6):1235-47. 
 
144. Esliger DW, Rowlands AV, Hurst TL, Catt M, Murray P, Eston RG. 
Validation of the GENEA Accelerometer. Medicine and Science in Sports 
and Exercise 2011; 43 (6):1085-93. 
 
 397 
 
145. Hodges S, Berry E, Wood K. SenseCam: a wearable camera that 
stimulates and rehabilitates autobiographical memory. Memory 2011; 19 
(7):685-96. 
 
146. Doherty AR, Kelly P, Kerr J, Marshall S, Oliver M, Badland H, et al. Using 
wearable cameras to categorise type and context of accelerometer-
identified episodes of physical activity. International Journal of Behavioral 
Nutrition and Physical Activity 2013;10. 
 
147. Patterson RE, Rock CL, Kerr J, Natarajan L, Marshall SJ, Pakiz B, et al. 
Metabolism and breast cancer risk: frontiers in research and practice. 
Journal of the Academy of Nutrition and Dietetics 2013; 113 (2):288-96. 
 
148. Chau JY, Grunseit A, Midthjell K, Holmen J, Holmen TL, Bauman AE, et al. 
Sedentary behaviour and risk of mortality from all-causes and 
cardiometabolic diseases in adults: evidence from the HUNT3 population 
cohort. British Journal of Sports Medicine 2013. (10) 1-8 
 
149. Inoue M, Iso H, Yamamoto S, Kurahashi N, Iwasaki M, Sasazuki S, et al. 
Daily total physical activity level and premature death in men and 
women: results from a large-scale population-based cohort study in 
Japan (JPHC study). Annals of Epidemiology 2008; 18 (7):522-30. 
 
150. Koster A, Caserotti P, Patel KV, Matthews CE, Berrigan D, Van Domelen 
DR, et al. Association of sedentary time with mortality independent of 
moderate to vigorous physical activity. PLoS One 2012; 7 (6):e37696. 
 398 
 
 
151. Leon-Munoz LM, Martinez-Gomez D, Balboa-Castillo T, Lopez-Garcia E, 
Guallar-Castillon P, Rodriguez-Artalejo F. Continued Sedentariness, 
Change in Sitting Time, and Mortality in Older Adults. Medicine and 
Science in Sports and Exercise 2013. 
 
152. Patel AV, Bernstein L, Deka A, Feigelson HS, Campbell PT, Gapstur SM, 
et al. Leisure time spent sitting in relation to total mortality in a 
prospective cohort of US adults. American Journal of Epidemiology 2010; 
172 (4):419-29. 
 
153. van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time 
and all-cause mortality risk in 222 497 Australian adults. Archives of 
Internal Medicine 2012; 172 (6):494-500. 
 
154. Warren TY, Barry V, Hooker SP, Sui XM, Church TS, Blair SN. Sedentary 
Behaviors Increase Risk of Cardiovascular Disease Mortality in Men. 
Medicine and Science in Sports and Exercise 2010; 42 (5):879-85. 
 
155. Weller I, Corey P. The impact of excluding non-leisure energy expenditure 
on the relation between physical activity and mortality in women. 
Epidemiology 1998; 9 (6):632-5. 
 
156. Allison MA, Jensky NE, Marshall SJ, Bertoni AG, Cushman M. Sedentary 
behavior and adiposity-associated inflammation: the Multi-Ethnic Study 
 399 
 
of Atherosclerosis. American Journal of Preventive Medicine 2012; 42  
(1):8-13. 
 
157. de Heer HD, Wilkinson AV, Strong LL, Bondy ML, Koehly LM. Sitting time 
and health outcomes among Mexican origin adults: obesity as a 
mediator. BMC Public Health 2012; 12:896. 
 
158. Hamer M, Venuraju SM, Lahiri A, Rossi A, Steptoe A. Objectively 
assessed physical activity, sedentary time, and coronary artery 
calcification in healthy older adults. Arteriosclerosis Thrombosis and 
Vascular Biology 2012; 32 (2):500-5. 
 
159. Hamer M, Venuraju SM, Urbanova L, Lahiri A, Steptoe A. Physical activity, 
sedentary time, and pericardial fat in healthy older adults. Obesity (Silver 
Spring) 2012; 20 (10):2113-7. 
 
160. Sidney S, Sternfeld B, Haskell WL, Jacobs DR, Jr., Chesney MA, Hulley 
SB. Television viewing and cardiovascular risk factors in young adults: 
the CARDIA study. Annals of Epidemiology 1996; 6 (2):154-9. 
 
161. Burazeri G, Goda A, Kark JD. Television viewing, leisure-time exercise and 
acute coronary syndrome in transitional Albania. Preventive Medicine 
2008; 47 (1):112-5. 
 
162. Celis-Morales CA, Perez-Bravo F, Ibanez L, Salas C, Bailey ME, Gill JM. 
Objective vs. self-reported physical activity and sedentary time: effects of 
 400 
 
measurement method on relationships with risk biomarkers. PLoS One 
2012; 7 (5):e36345. 
 
163. Stamatakis E, Hamer M, Tilling K, Lawlor DA. Sedentary time in relation to 
cardio-metabolic risk factors: differential associations for self-report vs 
accelerometry in working age adults. International Journal of 
Epidemiology 2012; 41 (5):1328-37. 
 
164. Hawkes AL, Lynch BM, Owen N, Aitken JF. Lifestyle factors associated 
concurrently and prospectively with co-morbid cardiovascular disease in 
a population-based cohort of colorectal cancer survivors. European 
Journal of Cancer 2011; 47 (2):267-76. 
 
165. Herber-Gast GC, Jackson CA, Mishra GD, Brown WJ. Self-reported sitting 
time is not associated with incidence of cardiovascular disease in a 
population-based cohort of mid-aged women. International Journal of 
Behavioural Nutrition and Physical Activity 2013; 10 (1):55. 
 
166. Manson JE, Greenland P, LaCroix AZ, Stefanick ML, Mouton CP, 
Oberman A, et al. Walking compared with vigorous exercise for the 
prevention of cardiovascular events in women. New England Journal of 
Medicine 2002; 347 (10):716-25. 
 
167. Chomistek AK, Manson JE, Stefanick ML, Lu B, Sands-Lincoln M, Going 
SB, et al. Relationship of Sedentary Behavior and Physical Activity to 
Incident Cardiovascular Disease: Results From the Women's Health 
 401 
 
Initiative. Journal of the American College of Cardiology 2013; 61 
(23):2346-54. 
 
168. World Health Organisation. Definition, Diagnosis and Classification of 
Diabetes Mellitus and it's complications: Report of a WHO Consultation. 
Part 1:. Geneva: World Health Organisation, 1999. 
 
169. National Cholesterol Education Program. Expert Panel on Detection, 
Evaluation, and Treatment of High Cholesterol in Adults. Executive 
Summary of the Third Report of the NCEP. Journal of the American 
Medical Association 2001; 285: 2486-97. 
 
170. Lau DC, Yan H, Dhillon B. Metabolic syndrome: a marker of patients at 
high cardiovascular risk. Canadian Journal of Cardiology 2006; (22 Suppl 
B): 85-90. 
 
171. Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral 
glucose tolerance testing: comparison with the euglycemic insulin clamp. 
Diabetes Care 1999; 22 (9):1462-70. 
 
172. Tonstad S, Butler T, Yan R, Fraser GE. Type of vegetarian diet, body 
weight, and prevalence of type 2 diabetes. Diabetes Care 2009; 32 
(5):791-6. 
 
173. Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ, Welborn TA, 
et al. Physical activity and television viewing in relation to risk of 
 402 
 
undiagnosed abnormal glucose metabolism in adults. Diabetes Care 
2004; 27 (11):2603-09. 
 
174. Vancampfort D, Probst M, Knapen J, Carraro A, De Hert M. Associations 
between sedentary behaviour and metabolic parameters in patients with 
schizophrenia. Psychiatry Research 2012; 200 (2-3):73-8. 
 
175. Cooper AR, Sebire S, Montgomery AA, Peters TJ, Sharp DJ, Jackson N, 
et al. Sedentary time, breaks in sedentary time and metabolic variables 
in people with newly diagnosed type 2 diabetes. Diabetologia 2011; 55 
(3):589-99. 
 
176. Yates T, Khunti K, Wilmot EG, Brady E, Webb D, Srinivasan B, et al. Self-
reported sitting time and markers of inflammation, insulin resistance, and 
adiposity. American Journal of Preventive Medicine 2012; 42 (1):1-7. 
 
177. Bankoski A, Harris TB, McClain JJ, Brychta RJ, Caserotti P, Chen KY, et 
al. Sedentary activity associated with metabolic syndrome independent 
of physical activity. Diabetes Care 2011; 34 (2):497-503. 
 
178. Bertrais S, Beyeme-Ondoua JP, Czernichow S, Galan P, Hercberg S, 
Oppert JM. Sedentary behaviors, physical activity, and metabolic 
syndrome in middle-aged French subjects. Obesity Research 2005; 13 
(5):936-44. 
 
 403 
 
179. Chang PC, Li TC, Wu MT, Liu CS, Li CI, Chen CC, et al. Association 
between television viewing and the risk of metabolic syndrome in a 
community-based population. BMC Public Health 2008; 8:193-99. 
 
180. Chen X, Pang Z, Li K. Dietary fat, sedentary behaviors and the prevalence 
of the metabolic syndrome among Qingdao adults. Nutrition Metabolism 
and  Cardiovascular Disiease 2009; 19 (1):27-34. 
 
181. Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ, Welborn TA, 
et al. Associations of TV viewing and physical activity with the metabolic 
syndrome in Australian adults. Diabetologia 2005; 48 (11):2254-61. 
 
182. Ford ES, Kohl HW, 3rd, Mokdad AH, Ajani UA. Sedentary behavior, 
physical activity, and the metabolic syndrome among U.S. adults. 
Obesity Research 2005; 13 (3):608-14. 
 
183. Gao X, Nelson ME, Tucker KL. Television viewing is associated with 
prevalence of metabolic syndrome in Hispanic elders. Diabetes Care 
2007; 30 (3):694-700. 
 
184. Gardiner PA, Healy GN, Eakin EG, Clark BK, Dunstan DW, Shaw JE, et al. 
Associations between television viewing time and overall sitting time with 
the metabolic syndrome in older men and women: the Australian 
Diabetes, Obesity and Lifestyle study. Journal of the American Geriatric 
Society 2011; 59 (5):788-96. 
 
 404 
 
185. Li CL, Lin JD, Lee SJ, Tseng RF. Associations between the metabolic 
syndrome and its components, watching television and physical activity. 
Public Health 2007;121 (2):83-91. 
 
186. Mabry RM, Winkler EA, Reeves MM, Eakin EG, Owen N. Associations of 
physical activity and sitting time with the metabolic syndrome among 
Omani adults. Obesity (Silver Spring) 2012; 20 (11):2290-5. 
 
187. Scheers T, Philippaerts R, Lefevre J. SenseWear-determined physical 
activity and sedentary behavior and metabolic syndrome. Medicine and 
Science in Sports and Exercise 2013; 45 (3):481-9. 
 
188. Sisson SB, Camhi SM, Church TS, Martin CK, Tudor-Locke C, Bouchard 
C, et al. Leisure time sedentary behavior, occupational/domestic physical 
activity, and metabolic syndrome in U.S. men and women. Metabolic 
Syndrome Related Disorders 2009; 7 (6):529-36. 
 
189. Wijndaele K, Duvigneaud N, Matton L, Duquet W, Delecluse C, Thomis M, 
et al. Sedentary behaviour, physical activity and a continuous metabolic 
syndrome risk score in adults. European Journal of Clinical Nutrition 
2009; 63 (3):421-9. 
 
190. Hu FB, Leitzmann MF, Stampfer MJ, Colditz GA, Willett WC, Rimm EB. 
Physical activity and television watching in relation to risk for type 2 
diabetes mellitus in men. Archives of Internal Medicine 2001; 161 
(12):1542-8. 
 405 
 
 
191. Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watching and 
other sedentary behaviors in relation to risk of obesity and type 2 
diabetes mellitus in women. Journal of the American Medical Association 
2003; 289 (14):1785-91. 
 
192. Krishnan S, Rosenberg L, Palmer JR. Physical activity and television 
watching in relation to risk of type 2 diabetes: the Black Women's Health 
Study. American Journal of Epidemiology 2009;169 (4):428-34. 
 
193. Banks E, Lim L, Seubsman SA, Bain C, Sleigh A. Relationship of obesity 
to physical activity, domestic activities, and sedentary behaviours: cross-
sectional findings from a national cohort of over 70,000 Thai adults. BMC 
Public Health 2011; 11:762-71. 
 
194. Dickerson JB, Smith ML, Benden ME, Ory MG. The association of physical 
activity, sedentary behaviors, and body mass index classification in a 
cross-sectional analysis: are the effects homogenous? BMC Public 
Health 2011; 11:926. 
 
195. Komal W, Jaipanesh K, Seemal M. Association of leisure time physical 
activity, watching television, obesity & lipid profile among sedentary low-
income south Indian population. East African Journal of Public Health 
2010; 7 (3):225-8. 
 
 406 
 
196. Maher CA, Mire E, Harrington DM, Staiano AE, Katzmarzyk PT. The 
independent and combined associations of physical activity and 
sedentary behavior with obesity in adults: NHANES 2003-06. Obesity 
(Silver Spring) 2013. 
 
197. Stamatakis E, Hamer M, Mishra GD. Early adulthood television viewing 
and cardiometabolic risk profiles in early middle age: results from a 
population, prospective cohort study. Diabetologia 2012; 55 (2):311-20. 
 
198. Stamatakis E, Hillsdon M, Mishra G, Hamer M, Marmot M. Television 
viewing and other screen-based entertainment in relation to multiple 
socioeconomic status indicators and area deprivation: the Scottish 
Health Survey 2003. Journal of Epidemiology and Community Health 
2009; 63 (9):734-40. 
 
199. Sugiyama T, Merom D, Reeves M, Leslie E, Owen N. Habitual active 
transport moderates the association of TV viewing time with body mass 
index. Journal of Physical Activity and Health 2010; 7 (1):11-6. 
 
200. Thorp AA, Healy GN, Owen N, Salmon J, Ball K, Shaw JE, et al. 
Deleterious associations of sitting time and television viewing time with 
cardiometabolic risk biomarkers: Australian Diabetes, Obesity and 
Lifestyle (AusDiab) study 2004-2005. Diabetes Care 2010; 33 (2):327-34. 
 
 407 
 
201. Bowman SA. Television-viewing characteristics of adults: correlations to 
eating practices and overweight and health status. Prevention of Chronic 
Disease 2006; 3 (2):A38. 
 
202. Charreire H, Casey R, Salze P, Kesse-Guyot E, Simon C, Chaix B, et al. 
Leisure-time physical activity and sedentary behavior clusters and their 
associations with overweight in middle-aged French adults. International 
Journal of Obesity (Lond) 2010; 34 (8):1293-301. 
 
203. Fitzgerald SJ, Kriska AM, Pereira MA, de Courten MP. Associations 
among physical activity, television watching, and obesity in adult Pima 
Indians. Medicine and Science in Sports and Exercise 1997; 29 (7):910-
5. 
 
204. Fung TT, Hu FB, Yu J, Chu NF, Spiegelman D, Tofler GH, et al. Leisure-
time physical activity, television watching, and plasma biomarkers of 
obesity and cardiovascular disease risk. American Journal of 
Epidemiology 2000; 152 (12):1171-78. 
 
205. Granner ML, Mburia-Mwalili A. Correlates of television viewing among 
African American and Caucasian women. Women Health 2010; 50 
(8):783-94. 
 
206. Jakes RW, Day NE, Khaw KT, Luben R, Oakes S, Welch A, et al. 
Television viewing and low participation in vigorous recreation are 
independently associated with obesity and markers of cardiovascular 
 408 
 
disease risk: EPIC-Norfolk population-based study. European Journal of 
Clinical Nutrition 2003; 57 (9):1089-96. 
 
207. Salmon J, Bauman A, Crawford D, Timperio A, Owen N. The association 
between television viewing and overweight among Australian adults 
participating in varying levels of leisure-time physical activity. 
International Journal of Obesity Related Metabolic Disorders 2000; 24 
(5):600-6. 
 
208. Thomson M, Spence JC, Raine K, Laing L. The association of television 
viewing with snacking behavior and body weight of young adults. 
American Journal of Health Promotion 2008; 22 (5):329-35. 
 
209. Vandelanotte C, Sugiyama T, Gardiner P, Owen N. Associations of leisure-
time internet and computer use with overweight and obesity, physical 
activity and sedentary behaviors: cross-sectional study. Journal of 
Medicine Internet Research 2009; 11(3):e28. 
 
210. Johnson KM, Nelson KM, Bradley KA. Television viewing practices and 
obesity among women veterans. Journal of General and Internal 
Medicine 2006; 21 Suppl 3:76-81. 
 
211. Raynor DA, Phelan S, Hill JO, Wing RR. Television viewing and long-term 
weight maintenance: results from the National Weight Control Registry. 
Obesity (Silver Spring) 2006; 14 (10):1816-24. 
 
 409 
 
212. Vioque J, Torres A, Quiles J. Time spent watching television, sleep 
duration and obesity in adults living in Valencia, Spain. International 
Journal of Obesity Related Metabolic Disorders 2000; 24 (12):1683-8. 
 
213. Coakley EH, Rimm EB, Colditz G, Kawachi I, Willett W. Predictors of 
weight change in men: Results from The Health Professionals Follow-Up 
Study. International Journal of Obesity 1998; 22 (2):89-96. 
 
214. Fotheringham MJ, Wonnacott RL, Owen N. Computer use and physical 
inactivity in young adults: public health perils and potentials of new 
information technologies. Annals of Behavioural Medecine 2000; 22 
(4):269-75. 
 
215. Kronenberg F, Pereira MA, Schmitz MK, Arnett DK, Evenson KR, Crapo 
RO, et al. Influence of leisure time physical activity and television 
watching on atherosclerosis risk factors in the NHLBI Family Heart 
Study. Atherosclerosis 2000; 153 (2):433-43. 
 
216. Parsons TJ, Power C, Manor O. Physical activity, television viewing and 
body mass index: a cross-sectional analysis from childhood to adulthood 
in the 1958 British cohort. International Journal of Obesity (Lond) 2005; 
29 (10):1212-21. 
 
217. Wijndaele K, Healy GN, Dunstan DW, Barnett AG, Salmon J, Shaw JE, et 
al. Increased Cardiometabolic Risk Is Associated with Increased TV 
 410 
 
Viewing Time. Medicine and Science in Sports and Exercise 2010; 42 
(8):1511-18. 
 
218. Lynch BM, Cerin E, Owen N, Hawkes AL, Aitken JF. Television viewing 
time of colorectal cancer survivors is associated prospectively with 
quality of life. Cancer Causes Control 2011; 22 (8):1111-20. 
 
219. Lynch BM, Dunstan DW, Healy GN, Winkler E, Eakin E, Owen N. 
Objectively measured physical activity and sedentary time of breast 
cancer survivors, and associations with adiposity: findings from NHANES 
(2003-2006). Cancer Causes Control 2010; 21 (2):283-8. 
 
220. McGuire KA, Ross R. Incidental physical activity and sedentary behavior 
are not associated with abdominal adipose tissue in inactive adults. 
Obesity (Silver Spring); 20 (3):576-82. 
 
221. Brown WJ, Miller YD, Miller R. Sitting time and work patterns as indicators 
of overweight and obesity in Australian adults. International Journal of 
Obesity Related Metabolic Disorders 2003; 27 (11):1340-6. 
 
222. Chau JY, van der Ploeg HP, Merom D, Chey T, Bauman AE. Cross-
sectional associations between occupational and leisure-time sitting, 
physical activity and obesity in working adults. Preventive Medicine 2012; 
54 (3-4):195-200. 
 
 411 
 
223. Du H, Bennett D, Li L, Whitlock G, Guo Y, Collins R, et al. Physical activity 
and sedentary leisure time and their associations with BMI, waist 
circumference, and percentage body fat in 0.5 million adults: the China 
Kadoorie Biobank study. American Journal of Clinical Nutrition 2013; 97 
(3):487-96. 
 
224. Dunton GF, Berrigan D, Ballard-Barbash R, Graubard B, Atienza AA. Joint 
associations of physical activity and sedentary behaviors with body mass 
index: results from a time use survey of US adults. International Journal 
of Obesity (Lond) 2009; 33 (12):1427-36. 
 
225. Helmink JHM, Kremers SPJ, van Brussel-Visser FN, de Vries NK. Sitting 
Time and Body Mass Index in Diabetics and Pre-Diabetics Willing to 
Participate in a Lifestyle Intervention. International Journal of 
Environmental Research and Public Health 2011; 8 (9):3747-58. 
 
226. Martinez-Gonzalez MA, Martinez JA, Hu FB, Gibney MJ, Kearney J. 
Physical inactivity, sedentary lifestyle and obesity in the European Union. 
International Journal of Obesity Related Metabolic Disorders 1999; 23 
(11):1192-201. 
 
227. Pinto Pereira SM, Ki M, Power C. Sedentary behaviour and biomarkers for 
cardiovascular disease and diabetes in mid-life: the role of television-
viewing and sitting at work. PLoS One 2012; 7 (2):e31132. 
 
 412 
 
228. Shields M, Tremblay MS. Sedentary behaviour and obesity. Health 
Reports 2008;19 (2):19-30. 
 
229. Shuval K, Leonard T, Murdoch J, Caughy MO, Kohl HW, 3rd, Skinner CS. 
Sedentary behaviors and obesity in a low-income, ethnic-minority 
population. Journal of Physical Activity and Healthh 2013; 10 (1):132-6. 
 
230. Sugiyama T, Healy GN, Dunstan DW, Salmon J, Owen N. Joint 
associations of multiple leisure-time sedentary behaviours and physical 
activity with obesity in Australian adults. International Journal of 
Behavioural Nutrition and Physical Activity 2008; 5:35. 
 
231. De Cocker KA, van Uffelen JG, Brown WJ. Associations between sitting 
time and weight in young adult Australian women. Preventive Medicine 
2010; 51 (5):361-7. 
 
232. Giles-Corti B, Macintyre S, Clarkson JP, Pikora T, Donovan RJ. 
Environmental and lifestyle factors associated with overweight and 
obesity in Perth, Australia. American Journal of Health Promotion 2003; 
18 (1):93-102. 
 
233. Leite ML, Nicolosi A. Lifestyle correlates of anthropometric estimates of 
body adiposity in an Italian middle-aged and elderly population: a 
covariance analysis. Interntional Journal of Obesity (Lond) 2006; 30 
(6):926-34. 
 
 413 
 
234. Proper KI, Cerin E, Brown WJ, Owen N. Sitting time and socio-economic 
differences in overweight and obesity. Interntional Journal of Obesity 
(London) 2007; 31 (1):169-76. 
 
235. Tudor-Locke C, Burton NW, Brown WJ. Leisure-time physical activity and 
occupational sitting: Associations with steps/day and BMI in 54-59 year 
old Australian women. Preventive Medicine 2009; 48 (1):64-8. 
 
236. Ball K, Brown W, Crawford D. Who does not gain weight? Prevalence and 
predictors of weight maintenance in young women. International Journal 
of Obesity Related Metabolic Disorders 2002; 26 (12):1570-8. 
 
237. Frank LD, Andresen MA, Schmid TL. Obesity relationships with community 
design, physical activity, and time spent in cars. American Journal of 
Preventive Medicine 2004; 27 (2):87-96. 
 
238. Ishizaki M, Morikawa Y, Nakagawa H, Honda R, Kawakami N, Haratani T, 
et al. The influence of work characteristics on body mass index and waist 
to hip ratio in Japanese employees. Independent Health 2004; 42 (1):41-
9. 
 
239. Oppert JM, Thomas F, Charles MA, Benetos A, Basdevant A, Simon C. 
Leisure-time and occupational physical activity in relation to 
cardiovascular risk factors and eating habits in French adults. Public 
Health and Nutrition 2006; 9 (6):746-54. 
 
 414 
 
240. Schaller N, Seiler H, Himmerich S, Karg G, Gedrich K, Wolfram G, et al. 
Estimated physical activity in Bavaria, Germany, and its implications for 
obesity risk: results from the BVS-II Study. International Journal of 
Behavioural Nutrition and Physical Activity 2005; (2):6-15. 
 
241. Heinonen I, Helajarvi H, Pahkala K, Heinonen OJ, Hirvensalo M, Palve K, 
et al. Sedentary behaviours and obesity in adults: the Cardiovascular 
Risk in Young Finns Study. BMJ Open 2013; 3(6). 
 
242. Crawford DA, Jeffery RW, French SA. Television viewing, physical 
inactivity and obesity. International Journal of Obesity Related Metabolic 
Disorders 1999; 23 (4):437-40. 
 
243. Oken E, Taveras EM, Popoola FA, Rich-Edwards JW, Gillman MW. 
Television, walking, and diet: associations with postpartum weight 
retention. American Journal of Preventive Medicine 2007; 32 (4):305-11. 
 
244. Richmond TK, Walls CE, Gooding HC, Field AE. Television viewing is not 
predictive of BMI in Black and Hispanic young adult females. Obesity 
(Silver Spring) 2010;18 (5):1015-20. 
 
245. Wijndaele K, Lynch BM, Owen N, Dunstan DW, Sharp S, Aitken JF. 
Television viewing time and weight gain in colorectal cancer survivors: a 
prospective population-based study. Cancer Causes Control 2009; 20 
(8):1355-62. 
 
 415 
 
246. Blanck HM, McCullough ML, Patel AV, Gillespie C, Calle EE, Cokkinides 
VE, et al. Sedentary behavior, recreational physical activity, and 7-year 
weight gain among postmenopausal U.S. women. Obesity (Silver Spring) 
2007; 15 (6):1578-88. 
 
247. van Uffelen JG, Watson MJ, Dobson AJ, Brown WJ. Sitting time is 
associated with weight, but not with weight gain in mid-aged Australian 
women. Obesity (Silver Spring) 2010; 18 (9):1788-94. 
 
248. Ching PL, Willett WC, Rimm EB, Colditz GA, Gortmaker SL, Stampfer MJ. 
Activity level and risk of overweight in male health professionals. 
American Journal of Public Health 1996; 86 (1):25-30. 
 
249. Choi B, Schnall PL, Yang H, Dobson M, Landsbergis P, Israel L, et al. 
Sedentary work, low physical job demand, and obesity in US workers. 
American Journal of Independent Medicine 2010; 53 (11):1088-101. 
 
250. Mortensen LH, Siegler IC, Barefoot JC, Gronbaek M, Sorensen TI. 
Prospective associations between sedentary lifestyle and BMI in midlife. 
Obesity (Silver Spring) 2006; 14 (8):1462-71. 
 
251. Saunders TJ, Tremblay MS, Despres JP, Bouchard C, Tremblay A, Chaput 
JP. Sedentary behaviour, visceral fat accumulation and cardiometabolic 
risk in adults: a 6-year longitudinal study from the Quebec Family Study. 
PLoS One 2013; 8 (1):e54225. 
 
 416 
 
252. Stamatakis E, Hamer M. The extent to which adiposity markers explain the 
association between sedentary behavior and cardiometabolic risk 
factors. Obesity (Silver Spring) 2012; 20 (1):229-32. 
 
253. Goldberg IJ, Merkel M. Lipoprotein lipase: physiology, biochemistry, and 
molecular biology. Front Bioscience 2001; 6:388-405. 
 
254. Schlaepfer IR, Eckel RH. Plasma triglyceride reduction in mice after direct 
injections of muscle-specific lipoprotein lipase DNA. Diabetes 1999; 48 
(1):223-7. 
 
255. Levak-Frank S, Weinstock PH, Hayek T, Verdery R, Hofmann W, 
Ramakrishnan R, et al. Induced mutant mice expressing lipoprotein 
lipase exclusively in muscle have subnormal triglycerides yet reduced 
high density lipoprotein cholesterol levels in plasma. Journal of Biology 
and Chemistry 1997; 272 (27):17182-90. 
 
256. Herd SL, Kiens B, Boobis LH, Hardman AE. Moderate exercise, 
postprandial lipemia, and skeletal muscle lipoprotein lipase activity. 
Metabolism 2001; 50 (7):756-62. 
 
257. Shimada M, Ishibashi S, Gotoda T, Kawamura M, Yamamoto K, Inaba T, 
et al. Overexpression of human lipoprotein lipase protects diabetic 
transgenic mice from diabetic hypertriglyceridemia and 
hypercholesterolemia. Arteriosclerosis Thrombosis and Vascular Biology 
1995;15 (10):1688-94. 
 417 
 
 
258. Komurcu-Bayrak E, Onat A, Poda M, Humphries SE, Acharya J, Hergenc 
G, et al. The S447X variant of lipoprotein lipase gene is associated with 
metabolic syndrome and lipid levels among Turks. Clinica Chimica Acta 
2007; 383(1-2):110-15. 
 
259. Wittrup HH, Tybjaerg-Hansen A, Nordestgaard BG. Lipoprotein lipase 
mutations, plasma lipids and lipoproteins, and risk of ischemic heart 
disease. A meta-analysis. Circulation 1999; 99 (22):2901-7. 
 
260. Miyashita M, Park JH, Takahashi M, Suzuki K, Stensel D, Nakamura Y. 
Postprandial lipaemia: effects of sitting, standing and walking in healthy 
normolipidaemic humans. International Journal of Sports Medicine 2012; 
34 (1):21-7. 
 
261. Vilella E, Joven J, Fernandez M, Vilaro S, Brunzell JD, Olivecrona T, et al. 
Lipoprotein lipase in human plasma is mainly inactive and associated 
with cholesterol-rich lipoproteins. Journal of Lipid Research 1993; 34 
(9):1555-64. 
 
262. Miyashita M. Effects of continuous versus accumulated activity patterns on 
postprandial triacylglycerol concentrations in obese men. International 
Journal of Obesity (Lond) 2008; 32 (8):1271-8. 
 
263. Miyashita M, Burns SF, Stensel DJ. Accumulating short bouts of brisk 
walking reduces postprandial plasma triacylglycerol concentrations and 
 418 
 
resting blood pressure in healthy young men. American Journal of 
Clinical Nutrition 2008; 88 (5):1225-31. 
 
264. Miyashita M, Park JH, Takahashi M, Burns S, Kim HS, Suzuki K, et al. 
Physical activity status and postprandial lipaemia in older adults. 
International Journal of Sports Medicine 2011; 32 (11):829-34. 
 
265. Miyashita M, Sasai H, Tanaka K. Post-prandial capillary triacylglycerol 
responses to moderate exercise in centrally obese middle-aged men. 
Journal of Sports Science 2010; 28 (12):1269-75. 
 
266. Altena TS, Michaelson JL, Ball SD, Thomas TR. Single sessions of 
intermittent and continuous exercise and postprandial lipemia. Medicine 
and Science in Sports and Exercise 2004; 36 (8):1364-71. 
 
267. Huang PL. A comprehensive definition for metabolic syndrome. Dis Model 
Mech 2009; 2 (5-6):231-7. 
 
268. Helmerhorst HJF, Wijndaele K, Brage S, Wareham NJ, Ekelund U. 
Objectively Measured Sedentary Time May Predict Insulin Resistance 
Independent of Moderate- and Vigorous-Intensity Physical Activity. 
Diabetes 2009; 58 (8):1776-79. 
 
269. Arciero PJ, Smith DL, Calles-Escandon J. Effects of short-term inactivity 
on glucose tolerance, energy expenditure, and blood flow in trained 
subjects. Journal of Applied Physiology 1998; 84 (4):1365-73. 
 419 
 
 
270. Smorawinski J, Kaciuba-Uscilko H, Nazar K, Kubala P, Kaminska E, 
Ziemba AW, et al. Effects of three-day bed rest on metabolic, hormonal 
and circulatory responses to an oral glucose load in endurance or 
strength trained athletes and untrained subjects. Journal of Physiology 
and Pharmacology 2000; 51 (2):279-89. 
 
271. Stuart CA, Shangraw RE, Prince MJ, Peters EJ, Wolfe RR. Bed-rest-
induced insulin resistance occurs primarily in muscle. Metabolism 1988; 
37 (8):802-6. 
 
272. Hamburg NM, McMackin C, Huang A, Widlansky M, Gokce N, Ruderman 
N, et al. Physical inactivity rapidly induces insulin resistance and 
microvascular dysfunction in healthy volunteers. Vascular Medicine 
2007;12 (2):150-51. 
 
273. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et 
al. Breaking up prolonged sitting reduces postprandial glucose and 
insulin responses. Diabetes Care 2012; 35 (5):976-83. 
 
274. Stephens BR, Granados K, Zderic TW, Hamilton MT, Braun B. Effects of 1 
day of inactivity on insulin action in healthy men and women: interaction 
with energy intake. Metabolism 2011; 60 (7):941-9. 
 
275. Peddie MC, Bone JL, Rehrer NJ, Skeaff CM, Gray AR, Perry TL. Breaking 
prolonged sitting reduces postprandial glycemia in healthy, normal-
 420 
 
weight adults: a randomized crossover trial. American Journal of Clinical 
Nutrition 2013; 98 (2):358-66. 
 
276. Holloszy JO. Exercise-induced increase in muscle insulin sensitivity. 
Journal of Applied Physiology (1985) 2005; 99 (1):338-43. 
 
277. Davignon J, Ganz P. Role of endothelial dysfunction in atherosclerosis. 
Circulation 2004; 109 (23 Suppl 1):III27-32. 
 
278. Thosar SS, Johnson BD, Johnston JD, Wallace JP. Sitting and endothelial 
dysfunction: the role of shear stress. Med Sci Monit 2012; 18 
(12):RA173-80. 
 
279. Higashi Y, Noma K, Yoshizumi M, Kihara Y. Endothelial function and 
oxidative stress in cardiovascular diseases. Circulation Journal 2009; 73 
(3):411-8. 
 
280. Malek AM, Alper SL, Izumo S. Hemodynamic shear stress and its role in 
atherosclerosis. Journal of the American Medical Association 1999; 282 
(21):2035-42. 
 
281. Padilla J, Sheldon RD, Sitar DM, Newcomer SC. Impact of acute exposure 
to increased hydrostatic pressure and reduced shear rate on conduit 
artery endothelial function: a limb-specific response. American Journal of 
Physiology: Heart and Circulatory Physiology 2009; 297 (3):1103-8. 
 
 421 
 
282. Shvartz E, Gaume JG, White RT, Reibold RC. Hemodynamic-Responses 
during Prolonged Sitting. Journal of Applied Physiology 1983; 54 
(6):1673-80. 
 
283. World Health Organisation. Cardiovascular diseases, 2009. 
 
284. Diabetes UK. Diabetes in the UK 2011/2012: Key statistics on diabetes: 
Diabetes UK, 2011. 
 
285. Kopelman P, Jebb SA, Butland B. Executive summary: Foresight 'Tackling 
Obesities: Future Choices' project. Obesity Reviews 2007; (8 Suppl 1) 
 
286. Eaton CB, Lapane KL, Garber CA, Assaf AR, Lasater TM, Carleton RA. 
Sedentary lifestyle and risk of coronary heart disease in women. 
Medicine and Science in Sports and Exercise 1995; 27 (11):1535-9. 
 
287. Patel MJ, Slentz CA, Kraus WE. Metabolic deterioration of the sedentary 
control group in clinical trials. Journal of Applied Physiology 2011; 111 
(4):1211-7. 
 
288. Dunstan DW, Salmon J, Healy GN, Shaw JE, Jolley D, Zimmet PZ, et al. 
Association of television viewing with fasting and 2-h postchallenge 
plasma glucose levels in adults without diagnosed diabetes. Diabetes 
Care 2007;30 (3): 516-22. 
 
 422 
 
289. Stamatakis E, Hirani V, Rennie K. Moderate-to-vigorous physical activity 
and sedentary behaviours in relation to body mass index-defined and 
waist circumference-defined obesity. British Journal of Nutrition 2009; 
101 (5):765-73. 
 
290. Rothman K, Greenland P. Modern Epidemiology. Second Edition ed: 
Lippincott Williams and Wilkins, 1998. p7-28 
 
291. Marmot M, Brunner E. Cohort Profile: the Whitehall II study. International 
Journal of Epidemiology 2005;34 (2): 251-6. 
 
292. Reid DD, Brett GZ, Hamilton PJ, Jarrett RJ, Keen H, Rose G. 
Cardiorespiratory disease and diabetes among middle-aged male Civil 
Servants. A study of screening and intervention. Lancet 1974; 1 
(7856):469-73. 
 
293. Davey Smith G, Shipley MJ, Rose G. Magnitude and causes of 
socioeconomic differentials in mortality: further evidence from the 
Whitehall Study. Journal of Epidemiology and Community Health 
1990;44 (4): 265-70. 
 
294. Marmot MG, Rose G, Shipley M, Hamilton PJ. Employment grade and 
coronary heart disease in British civil servants. Journal of Epidemiology 
and Community Health 1978; 32 (4):244-9. 
 
 423 
 
295. Marmot MG, Adelstein AM, Robinson N, Rose GA. Changing social-class 
distribution of heart disease. British Medical Journal 1978; 2 
(6145):1109-12. 
 
296. Marmot MG, Shipley MJ, Rose G. Inequalities in death--specific 
explanations of a general pattern? Lancet 1984; 1 (8384):1003-6. 
 
297. van Rossum CT, Shipley MJ, van de Mheen H, Grobbee DE, Marmot MG. 
Employment grade differences in cause specific mortality. A 25 year 
follow up of civil servants from the first Whitehall study. Journal of 
Epidemiology and Community Health 2000; 54 (3):178-84. 
 
298. Sabia S, Dugravot A, Kivimaki M, Brunner E, Shipley MJ, Singh-Manoux A. 
Effect of intensity and type of physical activity on mortality: results from 
the Whitehall II cohort study. American Journal of Public Health 2011;102 
(4): 698-704. 
 
299. Taylor HL, Jacobs DR, Jr., Schucker B, Knudsen J, Leon AS, Debacker G. 
A questionnaire for the assessment of leisure time physical activities. 
Journal of Chronic Disease 1978; 31 (12):741-55. 
 
300. Passmore R, Durnin JV. Human energy expenditure. Physiological 
Reviews 1955; 35 (4):801-40. 
 
301. Ainsworth BE, Haskell WL, Leon AS, Jacobs DR, Jr., Montoye HJ, Sallis 
JF, et al. Compendium of physical activities: classification of energy 
 424 
 
costs of human physical activities. Medicine and Science in Sports and 
Exercise 1993; 25 (1):71-80. 
 
302. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR, Jr., 
Tudor-Locke C, et al. 2011 Compendium of Physical Activities: a second 
update of codes and MET values. Medicine and Science in Sports and 
Exercise 2011; 43 (8):1575-81. 
 
303. Wolf AM, Hunter DJ, Colditz GA, Manson JE, Stampfer MJ, Corsano KA, 
et al. Reproducibility and validity of a self-administered physical activity 
questionnaire. International Journal of Epidemiology 1994; 23 (5):991-9. 
 
304. Lollgen H, Bockenhoff A, Knapp G. Physical activity and all-cause 
mortality: an updated meta-analysis with different intensity categories. 
International Journal of Sports Medicine 2009; 30 (3):213-24. 
 
305. Manns P. In people aged over 45, increased time spent sitting daily is 
associated with increased risk of all-cause mortality independent of 
physical activity level. Evididence Based Nursing 2012; 15 (4):120-1. 
 
306. Peterson MD, Sarma AV, Gordon PM. Sitting time and all-cause mortality 
risk. Archives of Internal Medicine 2012; 172 (16):1270-2; author reply 
73. 
 
 425 
 
307. Marmot MG, Smith GD, Stansfeld S, Patel C, North F, Head J, et al. Health 
inequalities among British civil servants: the Whitehall II study. Lancet 
1991;  337 (8754):1387-93. 
 
308. Ware JE, Jr., Snow KK, Kosinski M. SF-36 Health Survey Manual and 
Interpretation Guide. Boston: New England Medical Center, 1993. 
 
309. McHorney CA, Ware JE, Jr., Raczek AE. The MOS 36-Item Short-Form 
Health Survey (SF-36): II. Psychometric and clinical tests of validity in 
measuring physical and mental health constructs. Medical Care 1993; 31 
(3):247-63. 
 
310. Cox DR. Regression models and life tables. Journal of the Royal Statistical 
Society: Series B 1972; 34 (2):187-220. 
 
311. World Health Organisation. Obesity - preventing and managing the global 
epidemic: report of a WHO consultation on obesity. WHO Technical 
Report Series. Geneva: World Health Organisation, 2000. 
 
312. van Uffelen JG, Wong J, Chau JY, van der Ploeg HP, Riphagen I, Gilson 
ND, et al. Occupational sitting and health risks: a systematic review. 
American Journal of Preventive Medicine 2010; 39 (4):379-88. 
 
313. Department for Transport. National Travel Survey 2010; Department for 
Transport, 2011. 
 
 426 
 
314. Office for National Statistics. The Time Use Survey, 2005  In: Lader D, 
Short S, Gershuny J, editors: Office for National Statistics, 2006: 65. 
 
315. Fujita K, Takahashi H, Miura C, Ohkubo T, Sato Y, Ugajin T, et al. Walking 
and mortality in Japan: the Miyagi Cohort Study. Journal of Epidemiology 
2004; (14 Suppl 1): 26-32. 
 
316. Matthews CE, Jurj AL, Shu XO, Li HL, Yang G, Li Q, et al. Influence of 
exercise, walking, cycling, and overall nonexercise physical activity on 
mortality in Chinese women. Am J Epidemiol 2007; 165 (12):1343-50. 
 
317. Hakim AA, Petrovitch H, Burchfiel CM, Ross GW, Rodriguez BL, White LR, 
et al. Effects of walking on mortality among nonsmoking retired men. 
New England Journal of Medicine 1998; 338 (2):94-9. 
 
318. Smith TC, Wingard DL, Smith B, Kritz-Silverstein D, Barrett-Connor E. 
Walking decreased risk of cardiovascular disease mortality in older 
adults with diabetes. Journal of Clinical Epidemiology 2007; 60 (3):309-
17. 
 
319. Morris JN, Clayton DG, Everitt MG, Semmence AM, Burgess EH. Exercise 
in leisure time: coronary attack and death rates. British Heart Journal 
1990; 63 (6):325-34. 
 
320. Elovainio M, Ferrie JE, Singh-Manoux A, Shipley M, Batty GD, Head J, et 
al. Socioeconomic differences in cardiometabolic factors: social 
 427 
 
causation or health-related selection? Evidence from the Whitehall II 
Cohort Study, 1991-2004. American Journal of Epidemiology 2011; 174 
(7):779-89. 
 
321. Cleland VJ, Schmidt MD, Dwyer T, Venn AJ. Television viewing and 
abdominal obesity in young adults: is the association mediated by food 
and beverage consumption during viewing time or reduced leisure-time 
physical activity? American Journal of Clinical Nutrition 2008; 87 
(5):1148-55. 
 
322. Mannini A, Sabatini AM. Machine learning methods for classifying human 
physical activity from on-body accelerometers. Sensors (Basel) 2010; 10 
(2):1154-75. 
 
323. National Institute for Health and Clinical Excellence. Prevention of 
cardiovascular disease. NICE public health guidance 25, 2010. 
 
324. Hardman AE, Stensel D. Physical Activity and Health: The Evidence 
Explained. First Edition: Routledge, 2003.  pp58-59 
 
325. British Heart Foundation. Coronary heart disease statistics: A compendium 
of health statistics: British Hear Foundation Health Promotion Research 
Group, Department of Public Health, University of Oxford, 2012. 
 
 428 
 
326. Luengo-Fernandez R, Leal J, Gray A, Petersen S, Rayner M. Cost of 
cardiovascular diseases in the United Kingdom. Heart 2006; 92 
(10):1384-9. 
 
327. Li J, Siegrist J. Physical activity and risk of cardiovascular disease--a 
meta-analysis of prospective cohort studies. International Journal of 
Environmental Research and Public Health 2012; 9 (2):391-407. 
 
328. Ahmed HM, Blaha MJ, Nasir K, Rivera JJ, Blumenthal RS. Effects of 
physical activity on cardiovascular disease. American Journal of 
Cardiology 2012; 109 (2):288-95. 
 
329. Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary Behaviors and 
Subsequent Health Outcomes in Adults A Systematic Review of 
Longitudinal Studies, 1996-2011. American Journal of Preventive 
Medicine 2011; 41 (2):207-15. 
 
330. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas AM, 
Pajak A. Myocardial infarction and coronary deaths in the World Health 
Organization MONICA Project. Registration procedures, event rates, and 
case-fatality rates in 38 populations from 21 countries in four continents. 
Circulation 1994; 90 (1):583-612. 
 
331. Murtagh EM, Murphy MH, Boone-Heinonen J. Walking: the first steps in 
cardiovascular disease prevention. Current Opinion in Cardiology 2010; 
25 (5):490-6. 
 429 
 
 
332. Furie GL, Desai MM. Active transportation and cardiovascular disease risk 
factors in U.S. adults. American Journal of Preventive Medicine 2012; 43 
(6):621-8. 
 
333. Grundy SM, Benjamin IJ, Burke GL, Chait A, Eckel RH, Howard BV, et al. 
Diabetes and cardiovascular disease - A statement for healthcare 
professionals from the American Heart Association. Circulation 1999; 
100 (10):1134-46. 
 
334. Dechenes CJ, Verchere CB, Andrikopoulos S, Kahn SE. Human aging is 
associated with parallel reductions in insulin and amylin release. 
American Journal of Physiology-Endocrinology and Metabolism 1998; 
275 (5):785-91. 
 
335. Muller DC, Elahi D, Tobin JD, Andres R. The effect of age on insulin 
resistance and secretion: A review. Seminars in Nephrology 1996; 16 
(4):289-98. 
 
336. Wilson PWF. Diabetes mellitus and coronary heart disease. American 
Journal of Kidney Diseases 1998; 32 (5):89-100. 
 
337. Wilson PWF, D'Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel 
WB. Prediction of coronary heart disease using risk factor categories. 
Circulation 1998; 97 (18):1837-47. 
 
 430 
 
338. Stone PH, Muller JE, Hartwell T, York BJ, Rutherford JD, Parker CB, et al. 
The Effect of Diabetes-Mellitus on Prognosis and Serial Left-Ventricular 
Function after Acute Myocardial-Infarction - Contribution of Both 
Coronary-Disease and Diastolic Left-Ventricular Dysfunction to the 
Adverse Prognosis. Journal of the American College of Cardiology 1989; 
14 (1):49-57. 
 
339. Smith JW, Marcus FI, Serokman R. Prognosis of Patients with Diabetes-
Mellitus after Acute Myocardial-Infarction. American Journal of 
Cardiology 1984; 54 (7):718-21. 
 
340. Golbidi S, Laher I. Exercise and the cardiovascular system. Cardiology 
Research Practice 2012; 210852. 
 
341. Batty GD, Shipley MJ, Marmot M, Smith GD. Physical activity and cause-
specific mortality in men with Type 2 diabetes/impaired glucose 
tolerance: evidence from the Whitehall study. Diabetic Medicine 2002; 19 
(7):580-8. 
 
342. Brunner EJ, Mosdol A, Witte DR, Martikainen P, Stafford M, Shipley MJ, et 
al. Dietary patterns and 15-y risks of major coronary events, diabetes, 
and mortality. American Journal of Clinical Nutrition 2008; 87 (5):1414-
21. 
 
 431 
 
343. McNaughton SA, Mishra GD, Brunner EJ. Dietary patterns, insulin 
resistance, and incidence of type 2 diabetes in the Whitehall II Study. 
Diabetes Care 2008; 31 (7):1343-8. 
 
344. Hagobian TA, Braun B. Interactions between energy surplus and short-
term exercise on glucose and insulin responses in healthy people with 
induced, mild insulin insensitivity. Metabolism 2006; 55 (3):402-8. 
 
345. Cornier MA, Bessesen DH, Gurevich I, Leitner JW, Draznin B. Nutritional 
upregulation of p85alpha expression is an early molecular manifestation 
of insulin resistance. Diabetologia 2006; 49 (4):748-54. 
 
346. Stubbs RJ, Hughes DA, Johnstone AM, Horgan GW, King N, Blundell JE. 
A decrease in physical activity affects appetite, energy, and nutrient 
balance in lean men feeding ad libitum. American Journal of Clinical 
Nutrition 2004; 79 (1):62-9. 
 
347. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et 
al. National, regional, and global trends in body-mass index since 1980: 
systematic analysis of health examination surveys and epidemiological 
studies with 960 country-years and 9.1 million participants. Lancet 2011; 
377 (9765):557-67. 
 
348. Wang YC, McPherson K, Marsh T, Gortmaker SL, Brown M. Health and 
economic burden of the projected obesity trends in the USA and the UK. 
Lancet 2011; 378 (9793):815-25. 
 432 
 
 
349. Klein S, Allison DB, Heymsfield SB, Kelley DE, Leibel RL, Nonas C, et al. 
Waist Circumference and Cardiometabolic Risk: a Consensus Statement 
from Shaping America's Health: Association for Weight Management and 
Obesity Prevention; NAASO, the Obesity Society; the American Society 
for Nutrition; and the American Diabetes Association. Obesity (Silver 
Spring) 2007; 15 (5):1061-7. 
 
350. Muennig P, Lubetkin E, Jia H, Franks P. Gender and the burden of disease 
attributable to obesity. American Journal of Public Health 2006; 96 
(9):1662-8. 
 
351. Anandacoomarasamy A, Caterson ID, Leibman S, Smith GS, Sambrook 
PN, Fransen M, et al. Influence of BMI on health-related quality of life: 
comparison between an obese adult cohort and age-matched population 
norms. Obesity (Silver Spring) 2009; 17 (11):2114-8. 
 
352. Trogdon JG, Finkelstein EA, Hylands T, Dellea PS, Kamal-Bahl SJ. 
Indirect costs of obesity: a review of the current literature. Obesity 
Review 2008; 9 (5):489-500. 
 
353. Popkin BM, Kim S, Rusev ER, Du S, Zizza C. Measuring the full economic 
costs of diet, physical activity and obesity-related chronic diseases. 
Obesity Review 2006; 7 (3):271-93. 
 
 433 
 
354. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM, 
et al. American College of Sports Medicine position stand. Quantity and 
quality of exercise for developing and maintaining cardiorespiratory, 
musculoskeletal, and neuromotor fitness in apparently healthy adults: 
guidance for prescribing exercise. Medicine and Science in Sports and 
Exercise 2011; 43 (7):1334-59. 
 
355. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: 
the evidence. Canadian Medical Association Journal  2006; 174 (6):801-
9. 
 
356. Stamatakis E, Hamer M. Sedentary behaviour: redefining its meaning and 
links to chronic disease. British Journal of Hospital Medicine (Lond) 
2011; 72 (4):192-5. 
 
357. Lakerveld J, Dunstan D, Bot S, Salmon J, Dekker J, Nijpels G, et al. 
Abdominal obesity, TV-viewing time and prospective declines in physical 
activity. Preventive Medicine 2011; 53 (4-5):299-302. 
 
358. Golubic R, Ekelund U, Wijndaele K, Luben R, Khaw KT, Wareham NJ, et 
al. Rate of weight gain predicts change in physical activity levels: a 
longitudinal analysis of the EPIC-Norfolk cohort. International Journal of 
Obesity (Lond) 2012. 37 (3) 404-9 
 
359. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ, et 
al. Compendium of physical activities: an update of activity codes and 
 434 
 
MET intensities. Medicine and Science in Sports and Exercise 2000; 32 
(9 Suppl): 498-504. 
 
360. Ding D, Sugiyama T, Owen N. Habitual active transport, TV viewing and 
weight gain: A four year follow-up study. Preventive Medicine 2012; 54 
(3-4):201-4. 
 
361. Brunner EJ, Chandola T, Marmot MG. Prospective effect of job strain on 
general and central obesity in the Whitehall II Study. American Journal of 
Epidemiology 2007; 165 (7):828-37. 
 
362. Bauman A, Ainsworth BE, Sallis JF, Hagstromer M, Craig CL, Bull FC, et 
al. The descriptive epidemiology of sitting. A 20-country comparison 
using the International Physical Activity Questionnaire (IPAQ). American 
Journal of Preventive Medicine 2011; 41 (2):228-35. 
 
363. Craig R, Mindell J, Hirani V. Health Survey for England 2008: Methods and 
Documentation 2. London: National Centre for Social Research, 
2010a:13-14. 
 
364. Health Education Authority and Sports Council. Allied Dunbar National 
Fitness Survey. London, 1992. 
 
365. Joint Health Surveys Unit. Health Survey for England physical activity 
validation study: a substantive report. London: Joint Health Surveys Unit, 
2007. 
 435 
 
 
366. Craig R, Mindell J, Hirani V. Health Survey for England 2008: Methods and 
Documentation 2. London: National Centre for Social Research, 2010b: 
24-29. 
 
367. Niggebrugge A, Haynes R, Jones A, Lovett A, Harvey I. The index of 
multiple deprivation 2000 access domain: a useful indicator for public 
health? Social Science and Medicine 2005; 60 (12):2743-53. 
 
368. Schuna JM, Jr., Johnson WD, Tudor-Locke C. Adult self-reported and 
objectively monitored physical activity and sedentary behavior: NHANES 
2005-2006. International Journal of Behavioural Nutrition and Physical 
Activity 2013; 10:126-31. 
 
369. Healy GN, Dunstan DW, Salmon J, Cerin E, Shaw JE, Zimmet PZ, et al. 
Objectively measured light-intensity physical activity is independently 
associated with 2-h plasma glucose. Diabetes Care 2007; 30 (6):1384-
89. 
 
370. Clark BK, Sugiyama T, Healy GN, Salmon J, Dunstan DW, Shaw JE, et al. 
Socio-demographic correlates of prolonged television viewing time in 
Australian men and women: the AusDiab study. Journal of Physical 
Activity and Health  2010; 7 (5):595-601. 
 
371. Hillsdon M, Panter J, Foster C, Jones A. Equitable access to exercise 
facilities. American Journal of Preventive Medicine 2007; 32 (6):506-8. 
 436 
 
 
372. Panter J, Jones A, Hillsdon M. Equity of access to physical activity facilities 
in an English city. Preventive Medicine 2008; 46 (4):303-7. 
 
373. US Centres for Disease Control. Neighbourhood safety and the prevalence 
of physical inactivity - selected states, 1996, 1999:143-6. 
 
374. Parsons TJ, Thomas C, Power C. Estimated activity patterns in British 45 
year olds: cross-sectional findings from the 1958 British birth cohort. 
European Journal of Clinical Nutrition 2009; 63 (8):978-85. 
 
375. Maher C, Olds T, Mire E, Katzmarzyk PT. Reconsidering the sedentary 
behaviour paradigm. PLoS One 2014; 9 (1):e86403. 
 
376. Ford ES, Li C, Zhao G, Pearson WS, Tsai J, Churilla JR. Sedentary 
behavior, physical activity, and concentrations of insulin among US 
adults. Metabolism 2010; 59 (9):1268-75. 
 
377. Thorp AA, Kingwell BA, Sethi P, Hammond L, Owen N, Dunstan DW. 
Alternating Bouts of Sitting and Standing Attenuates Postprandial 
Glucose Responses. Medicine and Science in Sports and Exercise 2014. 
Epub ahead of print. 
 
378. Mikines KJ, Sonne B, Farrell PA, Tronier B, Galbo H. Effect of physical 
exercise on sensitivity and responsiveness to insulin in humans. 
American Journal of Physiology 1988; 254 (3 Pt 1):248-59. 
 437 
 
 
379. Department  of Health. National Diet and Nutrition Survey. Headline results 
from Years 1 and 2 (combined) of the Rolling Programme (2008/2009-
2009/2010). In: Bates B, Lennox A, Bates C, Swan G, editors, 2011. 
 
380. Herd SL, Lawrence JE, Malkova D, Murphy MH, Mastana S, Hardman AE. 
Postprandial lipemia in young men and women of contrasting training 
status. Journal of Applied Physiology 2000; 89 (5):2049-56. 
 
381. Katsanos CS, Grandjean PW, Moffatt RJ. Effects of low and moderate 
exercise intensity on postprandial lipemia and postheparin plasma 
lipoprotein lipase activity in physically active men. Journal of Applied 
Physiology 2004; 96 (1):181-8. 
 
382. King JA, Wasse LK, Broom DR, Stensel DJ. Influence of brisk walking on 
appetite, energy intake, and plasma acylated ghrelin. Medicine and 
Science in Sports and Exercise 2010; 42 (3):485-92. 
 
383. Wasse LK, Sunderland C, King JA, Batterham RL, Stensel DJ. Influence of 
rest and exercise at a simulated altitude of 4,000 m on appetite, energy 
intake, and plasma concentrations of acylated ghrelin and peptide YY. 
Journal of Applied Physiology 2012; 112 (4):552-9. 
 
384. Short KR, Pratt LV, Teague AM. The acute and residual effect of a single 
exercise session on meal glucose tolerance in sedentary young adults. 
Journal of Nutrition and Metabolism 2012; 278678. 
 438 
 
 
385. Ma Y, Mazumdar M, Memtsoudis SG. Beyond repeated-measures analysis 
of variance: advanced statistical methods for the analysis of longitudinal 
data in anesthesia research. Regional Anesthesia and Pain Medicine 
2012; 37 (1):99-105. 
 
386. Cohn JS, McNamara JR, Cohn SD, Ordovas JM, Schaefer EJ. 
Postprandial plasma lipoprotein changes in human subjects of different 
ages. Journal Lipid Research 1988; 29 (4):469-79. 
 
387. Manohar C, Levine JA, Nandy DK, Saad A, Dalla Man C, McCrady-Spitzer 
SK, et al. The effect of walking on postprandial glycemic excursion in 
patients with type 1 diabetes and healthy people. Diabetes Care 2012; 
35 (12):2493-9. 
 
388. Takaishi T, Imaeda K, Tanaka T, Moritani T, Hayashi T. A short bout of 
stair climbing-descending exercise attenuates postprandial 
hyperglycemia in middle-aged males with impaired glucose tolerance. 
Applied Physiology Nutrition and  Metabolism 2012; 37 (1):193-6. 
 
389. Nygaard H, Tomten SE, Hostmark AT. Slow postmeal walking reduces 
postprandial glycemia in middle-aged women. Applied Physiology 
Nutrition and  Metabolism 2009; 34 (6):1087-92. 
 
390. Biro FM, Wien M. Childhood obesity and adult morbidities. American 
Journal of Clinical Nutrition 2010; 91 (5):1499-505. 
 439 
 
 
391. Garber AJ. Obesity and type 2 diabetes: which patients are at risk? 
Diabetes, Obesity and Metabolism 2012; 14 (5):399-408. 
 
392. Giannini C, Caprio S. Progression of beta-cell dysfunction in obese youth. 
Current Diabetes Reports 2013; 13 (1):89-95. 
 
393. Lichtenstein AH, Schwab US. Relationship of dietary fat to glucose 
metabolism. Atherosclerosis 2000; 150 (2):227-43. 
 
394. Dolan PL, Tapscott EB, Dorton PJ, Dohm GL. Contractile activity restores 
insulin responsiveness in skeletal muscle of obese Zucker rats. The 
Biochemical Journal 1993; 289 (2):423-6. 
 
395. DeFronzo RA, Ferrannini E, Sato Y, Felig P, Wahren J. Synergistic 
interaction between exercise and insulin on peripheral glucose uptake. 
Journal of Clinical Investigation 1981; 68 (6):1468-74. 
 
396. Thyfault JP. Setting the stage: possible mechanisms by which acute 
contraction restores insulin sensitivity in muscle. American Journal 
Physiology: Regulatory Integrated and Comparative Physiology 2008; 
294 (4):1103-10. 
 
397. Wojtaszewski JF, Nielsen JN, Richter EA. Invited review: effect of acute 
exercise on insulin signaling and action in humans. Journal of Applied 
Physiology (1985) 2002; 93 (1):384-92. 
 440 
 
 
398. Olefsky J, Crapo PA, Ginsberg H, Reaven GM. Metabolic effects of 
increased caloric intake in man. Metabolism 1975; 24 (4):495-503. 
 
399. Wang J, Obici S, Morgan K, Barzilai N, Feng Z, Rossetti L. Overfeeding 
rapidly induces leptin and insulin resistance. Diabetes 2001; 50 
(12):2786-91. 
 
400. Roberts CK, Little JP, Thyfault JP. Modification of insulin sensitivity and 
glycemic control by activity and exercise. Medicine and Science in Sports 
and Exercise 2013; 45 (10):1868-77. 
 
401. Hsueh WA, Quinones MJ. Role of endothelial dysfunction in insulin 
resistance. American Journal of Cardiology 2003; 92 (4):10-17. 
 
402. Deedwania PC. Mechanisms of endothelial dysfunction in the metabolic 
syndrome. Current Diabetes Reports 2003; 3 (4):289-92. 
 
403. Yamagishi S, Nakamura K, Matsui T, Takenaka K, Jinnouchi Y, Imaizumi 
T. Cardiovascular disease in diabetes. Mini-Reviews in Medical 
Chemistry 2006; 6 (3):313-18. 
 
404. Cavalot F, Petrelli A, Traversa M, Bonomo K, Fiora E, Conti M, et al. 
Postprandial blood glucose is a stronger predictor of cardiovascular 
events than fasting blood glucose in type 2 diabetes mellitus, particularly 
 441 
 
in women: lessons from the San Luigi Gonzaga Diabetes Study. The 
Journal of Clinical Endocrinology and Metabolism 2006; 91 (3):813-9. 
 
405. Hanefeld M, Fischer S, Julius U, Schulze J, Schwanebeck U, Schmechel 
H, et al. Risk factors for myocardial infarction and death in newly 
detected NIDDM: the Diabetes Intervention Study, 11-year follow-up. 
Diabetologia 1996; 39 (12):1577-83. 
 
406. Bonora E, Kiechl S, Oberhollenzer F, Egger G, Bonadonna RC, Muggeo 
M, et al. Impaired glucose tolerance, Type II diabetes mellitus and carotid 
atherosclerosis: prospective results from the Bruneck Study. 
Diabetologia 2000; 43 (2):156-64. 
 
407. Ceriello A, Cavarape A, Martinelli L, Da Ros R, Marra G, Quagliaro L, et al. 
The post-prandial state in Type 2 diabetes and endothelial dysfunction: 
effects of insulin aspart. Diabetic Medicine 2004; 21 (2):171-5. 
 
408. Hanefeld M, Koehler C, Schaper F, Fuecker K, Henkel E, Temelkova-
Kurktschiev T. Postprandial plasma glucose is an independent risk factor 
for increased carotid intima-media thickness in non-diabetic individuals. 
Atherosclerosis 1999; 144 (1):229-35. 
 
409. Ceriello A. Postprandial hyperglycemia and diabetes complications: is it 
time to treat? Diabetes 2005; 54 (1):1-7. 
 
 442 
 
410. Ceriello A, Assaloni R, Da Ros R, Maier A, Piconi L, Quagliaro L, et al. 
Effect of atorvastatin and irbesartan, alone and in combination, on 
postprandial endothelial dysfunction, oxidative stress, and inflammation 
in type 2 diabetic patients. Circulation 2005; 111 (19):2518-24. 
 
411. Esposito K, Giugliano D, Nappo F, Marfella R. Regression of carotid 
atherosclerosis by control of postprandial hyperglycemia in type 2 
diabetes mellitus. Circulation 2004; 110 (2):214-9. 
 
412. Meigs JB, Nathan DM, D'Agostino RB, Sr., Wilson PW. Fasting and 
postchallenge glycemia and cardiovascular disease risk: the 
Framingham Offspring Study. Diabetes Care 2002; 25 (10):1845-50. 
 
413. Ceriello A, Quagliaro L, Piconi L, Assaloni R, Da Ros R, Maier A, et al. 
Effect of postprandial hypertriglyceridemia and hyperglycemia on 
circulating adhesion molecules and oxidative stress generation and the 
possible role of simvastatin treatment. Diabetes 2004; 53 (3):701-10. 
 
414. Monnier L, Mas E, Ginet C, Michel F, Villon L, Cristol JP, et al. Activation 
of oxidative stress by acute glucose fluctuations compared with 
sustained chronic hyperglycemia in patients with type 2 diabetes. Journal 
of the American Medical Association 2006; 295 (14):1681-7. 
 
415. Leiter LA, Ceriello A, Davidson JA, Hanefeld M, Monnier L, Owens DR, et 
al. Postprandial glucose regulation: new data and new implications. 
Clinical therapeutics 2005; 27 (Suppl B):42-56. 
 443 
 
 
416. Kahn SE. Clinical review 135: The importance of beta-cell failure in the 
development and progression of type 2 diabetes. The Journal of Clinical 
Endocrinology and Metabolism 2001; 86 (9):4047-58. 
 
417. Jans MP, Proper KI, Hildebrandt VH. Sedentary behavior in Dutch 
workers: differences between occupations and business sectors. 
American Journal of Preventive Medicine 2007; 33 (6):450-4. 
 
418. Gorman E, Ashe MC, Dunstan DW, Hanson HM, Madden K, Winkler EA, 
et al. Does an 'Activity-Permissive' Workplace Change Office Workers' 
Sitting and Activity Time? PLoS One 2013; 8(10):e76723. 
 
419. Hamer M, Chida Y. Active commuting and cardiovascular risk: a meta-
analytic review. Preventive Medicine 2008; 46 (1):9-13. 
 
420. Chu AH, Moy FM. Joint association of sitting time and physical activity with 
metabolic risk factors among middle-aged Malays in a developing 
country: a cross-sectional study. PLoS One 2013; 8 (4):e61723. 
 
421. Kipnis V, Subar AF, Midthune D, Freedman LS, Ballard-Barbash R, 
Troiano RP, et al. Structure of dietary measurement error: results of the 
OPEN biomarker study. American Journal of Epidemiology 2003; 158 
(1):14-21; discussion 22-6. 
 
 444 
 
422. Beaton GH, Milner J, Corey P, McGuire V, Cousins M, Stewart E, et al. 
Sources of variance in 24-hour dietary recall data: implications for 
nutrition study design and interpretation. American Journal of Clinical 
Nutrition 1979; 32 (12):2546-59. 
 
423. Freudenheim JL, Marshall JR. The problem of profound mismeasurement 
and the power of epidemiological studies of diet and cancer. Nutrition 
and Cancer 1988; 11 (4):243-50. 
 
424. Freedman LS, Schatzkin A, Wax Y. The impact of dietary measurement 
error on planning sample size required in a cohort study. American 
Journal of Epidemiology 1990; 132 (6):1185-95. 
 
425. Robinson TN. Reducing children's television viewing to prevent obesity: a 
randomized controlled trial. Journal of the American Medical Association 
1999; 282 (16):1561-7. 
 
426. Swain DP, Franklin BA. Comparison of cardioprotective benefits of 
vigorous versus moderate intensity aerobic exercise. American Journal 
of Cardiology 2006; 97 (1):141-7. 
 
427. Wanner M, Gotschi T, Martin-Diener E, Kahlmeier S, Martin BW. Active 
transport, physical activity, and body weight in adults: a systematic 
review. American Journal of Preventive Medicine 2012; 42 (5):493-502. 
 
 445 
 
428. Woodcock J, Edwards P, Tonne C, Armstrong BG, Ashiru O, Banister D, et 
al. Public health benefits of strategies to reduce greenhouse-gas 
emissions: urban land transport. Lancet 2009; 374 (9705):1930-43. 
 
429. Kahlmeier S, Racioppi F, Cavill N, Rutter H, Oja P. "Health in all policies" 
in practice: guidance and tools to quantifying the health effects of cycling 
and walking. Journal of Physical Activity and Health 2010; 7 Suppl 1:120-
5. 
 
430. Rojas-Rueda D, de Nazelle A, Tainio M, Nieuwenhuijsen MJ. The health 
risks and benefits of cycling in urban environments compared with car 
use: health impact assessment study. British Medical Journal  2011; 
343:d4521. 
 
431. Peeters GM, Mishra GD, Dobson AJ, Brown WJ. Health care costs 
associated with prolonged sitting and inactivity. American Journal of 
Preventive Medicine 2014; 46 (3):265-72. 
 
432. Granados K, Stephens BR, Malin SK, Zderic TW, Hamilton MT, Braun B. 
Appetite regulation in response to sitting and energy imbalance. Applied 
Physiology Nutrition and Metabolism 2012; 37 (2):323-33. 
 
 
 
 446 
 
Appendix 
 
1. Systematic review summary tables Page 
1.1 Summary of studies: Sedentary behaviour and mortality  447 
1.2 Summary of studies: Sedentary behaviour and CVD  450 
1.3 Summary of studies: Sedentary behaviour and metabolic 
disease  
452 
1.4 Summary of studies: Sedentary behaviour and obesity  457 
2. Study documentation for intervention study (chapter 10)   
2.1 Ethics approval certificate 468 
2.2 Participant information  469 
2.3 Informed consent form 473 
2.4 Physical Activity Readiness Questionnaire – PAR-Q 475 
2.5 Participant pre-trial instruction sheet 476 
2.6 Food record diary 477 
2.7 Timetable for main trial days 479 
3. Gant Chart for PhD studies 481 
 
  
 447 
 
Appendix 1.1. Summary of studies: sedentary behaviour and mortality  
Author Sample  Study design Outcome (no. cases, % 
of sample if reported) 
Sedentary measure Covariates Association 
Chau et al 2013 50817 Norwegian 
men & women 
Prospective, 3.3 yr 
f/u 
Cardiometabolic 
disease mortality (388, 
0.76%) 
All-cause mortality 
(2.1%) 
Self-reported total 
sitting, TV  viewing 
and occupational 
sitting 
 
Age, gender, education, 
alcohol consumption, 
smoking status, BMI, 
diabetes, CHD, minutes of 
daily MVPA. 
Positive 
Dunstan et al 2010 8800 Australian men 
& women 
Prospective, 6.6 yr 
f/u 
Cardiovascular 
mortality (87, 1%) 
All-cause mortality 
(284, 3.2%) 
TV viewing time Age, sex smoking, 
education, diet 
Positive 
Inoue et al 2008 83034 Japanese 
men & women  
Prospective, 8.7 yr 
f/u 
All-cause mortality 
(4564, 5.5%) 
Self-reported total 
sitting 
 
Age, area, occupation, 
smoking, alcohol, BMI, diet, 
exercise, sedentary activity, 
walking or standing hrs, 
leisure time PA 
Positive 
Katzmarzyk et al 
2009 
17013 Canadian 
mean & women 
Prospective, 12 yr 
f/u 
Cardiovascular 
mortality (759, 4.5%) 
All-cause mortality 
(1832, 10.8%) 
Self-reported sitting 
time 
 
Age, smoking, alcohol, 
leisure-time PA 
Positive 
Koster et al 2012 1906 American men 
& women 
Prospective, 2.8 yr 
f/u 
All-cause mortality 
(145, 7.6%) 
Accelerometer 
defined sedentary 
time  
Age, gender, ethnicity, 
education, alcohol 
consumption, smoking 
status, BMI, diabetes, CHD, 
mobility limitations, 
minutes of daily MVPA. 
Positive 
Leon-Munoz et al 
2013 
2635 Spanish men & 
women 
Prospective, 8yr f/u All-cause mortality 
(846, 32%) 
Self-reported total 
sitting time 
Age, gender, ethnicity, 
education, alcohol 
consumption, smoking 
Positive 
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status, BMI, METhr/wk of 
leisure time PA 
Matthews et al 2012 240819 American 
men & women 
Prospective, 8.5 yr 
f/u 
Cardiovascular 
mortality (4684, 2%) 
All-cause mortality 
(17044, 7%) 
TV viewing  Age, sex, race, education, 
smoking, diet, leisure time 
physical activity 
Positive 
Patel et al 2012 123216 American 
men & women 
Prospective, 14 yr 
f/u 
Cardiovascular 
mortality (6369, 5.2%) 
All-cause mortality 
(19230, 15.6%) 
Self-reported sitting 
time 
 
Age, marital status, 
education, smoking, BMI, 
alcohol, caloric intake, co 
morbidities score, physical 
activity 
Positive 
Stamatakis et al 
2011 
4512 Scottish men & 
women 
Prospective, 4.3 yr 
f/u 
Cardiovascular 
mortality (215, 4.8%) 
All-cause mortality 
(325, 7.2%) 
TV and screen-time 
 
Age and sex Positive 
van der Ploeg et al 
2012 
222947 Australian 
men & women 
Prospective, 2.8 yr 
f/u 
All-cause mortality 
(5405, 2.4%) 
Self-reported sitting  Age, gender, education, 
urban/rural residence, 
alcohol consumption, 
smoking status, BMI, self-
rated health, MVPA 
Positive 
Warren et al 2010 7744 American men 
& women 
Prospective, 21 yr 
f/u 
Cardiovascular 
mortality (377, 4.9%) 
TV viewing and car 
use  
Age, gender, education, 
alcohol consumption, 
smoking status, BMI, family 
history of CVD, diet, self-
rated physical activity level 
Positive 
Weller & Corey 1998 6620 Canadian 
women 
Prospective, 7 yr f/u All-cause (449, 6.8%) 
Cardiovascular 
mortality (159, 2.4%) 
Self-reported sitting,  Unadjusted Positive 
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Wijndaele et al 2011 13197 British men & 
women 
Prospective, 9.5 yr 
f/u 
Cardiovascular 
mortality (373, 2.8%) 
All-cause mortality 
(1270, 9.6) 
TV & video viewing  Age, gender, education, 
alcohol consumption, 
smoking status, BMI, family 
history of CVD, diet, 
minutes of daily MVPA 
Positive 
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Appendix 1.2. Summary of studies: sedentary behaviour and CVD  
Author Sample size, 
gender 
Study design Outcome (no. cases, % 
of sample if reported) 
Sedentary 
measure 
Covariates Association 
Chomistek et al 2013 71018 American 
women 
Prospective,  12.2 yr 
f/u 
Cardiovascular disease 
(4235, 5.9%) 
Self-reported daily 
sitting 
Age, ethnicity, family 
income, education, marital 
status, smoking, family 
history of MI, depression, 
alcohol intake, diet, leisure 
time physical activity 
Positive 
Hawkes et al 2011 1966 Australian 
men and women 
Prospective, 3 yr f/u Cardiovascular disease 
(32, 1.6%) 
TV viewing  Sex, age, education, marital 
status 
Positive 
Herber-Gast et al 
2013 
6154 Australian 
women 
Prospective, 9.9 yr 
f/u 
Cardiovascular disease 
(177, 2.8%) 
Self-reported total 
sitting 
Age, education, smoking, 
alcohol consumption, 
physical activity and BMI 
Null 
Manson et al 2002 73743 American 
women 
Prospective, 3.2 yr 
f/u 
Cardiovascular disease 
(1551, 2.1%) 
Self-reported 
sitting/lying/sleepi
ng  
Age, leisure time physical 
activity energy expenditure 
Positive 
Stamatakis et al 2011 4512 Scottish men 
& women 
Prospective, 4.3 yr 
f/u 
Cardiovascular disease 
(422, 9.3%) 
TV and screen-time 
 
Age, sex, ethnicity, BMI, 
smoking, social class, long-
standing illness, marital 
status, diabetes, 
hypertension, physical 
activity 
Positive 
Wijndaele et al 2011 12608 British men 
and women 
Prospective, 6.9 yrs 
f/u 
Cardiovascular disease TV viewing Age, gender, education, 
smoking status, alcohol 
consumption, relevant 
medications, family history, 
sleep duration, leisure time, 
physical activity energy 
expenditure. 
Positive 
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Allinson et al 2011 1543 American 
men and women 
Cross-sectional Atherosclerosis 
associated inflammation 
Self-reported total 
sitting 
Age, gender, ethnicity, 
education, BMI, smoking 
status, alcohol consumption, 
waist circumference, 
longstanding illness 
Positive 
de Heer et al 2012 11268 Mexican 
men and women 
Cross-sectional CVD risk score Self-reported total 
sitting 
Employment status and 
leisure time physical activity 
Positive 
George et al 2013 63048 Australian 
men 
Cross-sectional Cardiovascular disease Self-reported daily 
sitting 
Age, educational status, 
household income, smoking 
status, functional limitation, 
BMI, daily MVPA 
Null 
Hamer et al 2012 446 British men & 
women 
Cross-sectional Pericardial fat Accelerometer 
defined sedentary 
time 
Age, sex, BMI, HDL-
cholesterol, blood pressure, 
HBA1c, smoking status, 
statin use, employment 
grade. Total accelerometer 
wear time, physical activity 
Null 
Hamer et al 2012 443 British men & 
women 
Cross-sectional Coronary artery 
calcification 
Accelerometer 
defined sedentary 
time 
Age, sex, BMI, total and HDL-
cholesterol, blood pressure, 
HBA1c, smoking status, 
statin use, employment 
grade. Total accelerometer 
wear time, physical activity 
Null 
Sidney et al 1996 4280 American 
men and women 
Cross-sectional CVD risk score TV viewing Age, education, smoking, 
alcohol consumption, test 
centre, physical activity 
score 
Positive 
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Appendix 1.3. Summary of studies: sedentary behaviour and metabolic disease  
 
Author Sample size, 
gender,  
Study design Outcome (no. cases, 
% -of sample if 
reported) 
Sedentary measure Covariates Association 
Ekelund et al 2009 191 British men and 
women 
Prospective, 1 yr f/u Insulin sensitivity 
(HOMA-IS) 
Accelerometer 
defined sedentary 
time and TV viewing 
Age, sex, waist circumference, 
smoking status, minutes of 
daily MVPA 
Null 
Cooper et al 2011 528 British men and 
women 
Prospective, 6 
months f/u 
Insulin resistance 
(HOMA-IR) 
Accelerometer 
defined sedentary 
time 
Age, sex, waist circumference, 
smoking status, area 
deprivation score, family 
history of diabetes, minutes of 
daily MVPA 
Positive 
Ford et al 2010 23855 German men 
& women 
Prospective, 7.8 yr 
f/u 
Diabetes (927, 3.9%) TV viewing <1r vs 
>4hrs.d 
Age, sex education, 
occupational activity, smoking, 
alcohol, PA, diet, systolic BP 
Positive 
Hawkes et al 2011 1966 Australian men 
and women 
Prospective, 3 yr f/u Diabetes (247, 
12.6%) 
TV viewing <2 vs 
>4hrs.d 
Age, sex, education, marital 
status 
Positive 
Helmerhorst 2009 376 British men and 
women 
Prospective 5.5 yr 
f/u 
Fasting insulin Heart rate defined 
sedentary time 
Age, sex, fat mass, fasting 
insulin, smoking status, 
minutes of MVPA 
Positive 
Hu et al 2001 37918 American 
men 
Prospective, 10 yr 
f/u 
Diabetes (767, 2%) TV viewing >40 vs 
<1hrs.wk 
Age, duration of smoking, 
diabetes mellitus, family 
history, physical activity 
Positive 
Hu et al 2003 68497 American 
women 
Prospective, 6yr f/u Diabetes (1515, 
2.2%) 
TV viewing >40 vs 
<1hrs.wk 
Age, hormone use, alcohol, 
smoking, family history, 
diabetes mellitus, physical 
activity, diet 
Positive 
Krishnan et al 2009 45668, Black Prospective, 10 yr Diabetes (2928, TV viewing >5 vs Age, family history, diabetes Positive 
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American women f/u 6.4%) <1hr.d mellitus, education, family 
income, marital status, 
cigarette use, alcohol, energy 
intake, coffee consumption, 
vigorous physical activity, 
walking 
Matthews et al 2008 240817, Amercan 
men & women 
Prospective, 8.5 yr 
f/u 
Diabetes (15942, 
6.6%)  
TV viewing <1 vs 
≥7hrs.d 
Age, sex race, education, 
smoking, diet, physical activity 
Positive 
Stamatakis et al 
2001 
4512 Scottish men 
and women 
Prospective, 4.3 yr 
f/u 
Diabetes (279, 6%) TV and screen time 
<2 vs ≥ 4hrs.d 
unadjusted Positive 
Wijndaele et al 2011 12608 British men & 
women 
Prospective, 6.9 yr 
f/u 
Diabetes (341, 2.7%) TV and video 
viewing <2.5 vs 
>3.6hrs.d 
unadjusted Positive 
       
Bankoski et al 2011 1367 American men 
& women 
Cross-sectional Metabolic syndrome 
(ATP) 
Accelerometer 
defined sedentary 
time 
Age, sex, ethnicity, education, 
alcohol consumption, smoking 
status, BMI, minutes of MVPA 
Positive 
Bertrais et al 2005 3834  
French men and 
women  
Cross-sectional Metabolic syndrome 
(NCEP) 
Screen-time Age, sex, education, smoking 
status, adherence to PA 
recommendations 
Positive 
Chang et al 2008 2353 
Taiwanese men and 
women 
Cross-sectional Metabolic syndrome TV viewing Age, sex, education, household 
income, smoking status, 
alcohol intake, leisure time 
physical activity 
Positive 
Chen et al 2009 1460 Chinese men 
and women 
Cross-sectional Metabolic syndrome TV viewing Age, sex, smoking status, 
alcohol consumption, total 
calories, carbohydrate, fat and 
fibre intake 
Positive 
Cooper et al 2011 528 British men and 
women 
Cross-sectional Insulin resistance 
(HOMA-IR) 
Accelerometer 
defined sedentary 
time 
Age, sex, waist circumference, 
smoking status, area 
deprivation score, family 
Null 
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history of diabetes, minutes of 
daily MVPA 
de Heer et al  11268 Mexican men 
and women 
Cross-sectional Diabetes Self-reported daily 
sitting time 
Age, sex, employment status, 
educational attainment, family 
history of diabetes, 
hypertension, cholesterol level, 
and leisure time physical 
activity. 
Positive 
Dunstan et al 2005 6162 Australian 
Men and women 
Cross-sectional Metabolic syndrome 
(WHO) 
TV viewing Age, sex, education, marital 
status, family history of 
diabetes, dietary intake, leisure 
time MVPA 
Positive 
Dunstan et al 2004 8299 Australian men 
and women 
Cross-sectional Impaired glucose 
tolerance 
TV viewing Age, sex, education, marital 
status, family history of 
diabetes, leisure time MVPA 
Positive 
Ekelund et al 2009 192 British men and 
women 
Cross-sectional Insulin resistance 
(HOMA-IS) 
Accelerometer 
defined sedentary 
time and TV viewing 
Age, sex, waist circumference, 
smoking status, minutes of 
daily MVPA 
Positive for 
TV viewing 
Ford 2005 1626 American men 
and women 
Cross-sectional Metabolic syndrome 
(NCEP) 
TV viewing Age, sex, education, ethnicity, 
smoking status, alcohol, daily 
MVPA 
Positive 
Gardiner 2011 1958 Australian men 
and women 
Cross-sectional Metabolic syndrome 
(IDF) 
TV viewing Age, education, self-rated 
health, employment level 
smoking status, alcohol 
consumption, diet, daily MVPA 
Positive 
George et al 2013 63048 Australian 
men 
Cross-sectional Diabetes Self-reported daily 
sitting 
Age, educational status, 
household income, smoking 
status, functional limitation, 
BMI, daily MVPA 
Positive 
Gao et al 2007 455 Puerto Rican 
and Dominican men 
Cross-sectional Metabolic syndrome TV viewing Age, sex, ethnicity, education, 
BMI, smoking status, alcohol, 
Positive 
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and women fat intake, activities of daily 
living score, leisure time MVPA 
Healy et al 2011 4757 American men 
and women 
Cross-sectional Insulin action and 
sensitivity (HOMA-IS 
and HOMA-β) 
Accelerometer 
defined sedentary 
time 
Age, sex, educational 
attainment, ethnicity, income, 
smoking status, alcohol 
consumption, diet, medical 
history 
Positive 
Healy et al 2008 168 Australian men 
and women 
Cross-sectional Glucose metabolism Accelerometer 
defined sedentary 
time 
Age, sex, educational 
attainment, ethnicity, income, 
smoking status, alcohol 
consumption, diet, medical 
history, and daily MVPA 
Positive 
Healy et al 2008 169 Australian men 
and women 
Cross-sectional Metabolic syndrome 
risk 
Accelerometer 
defined sedentary 
time 
Age, sex, educational 
attainment, ethnicity, income, 
smoking status, alcohol 
consumption, diet, medical 
history, and daily MVPA 
Positive 
Healy et al 2008 4064 Australian men 
and women 
Cross-sectional Metabolic risk score TV viewing Age, sex, educational 
attainment, ethnicity, income, 
smoking status, alcohol 
consumption, diet, medical 
history, and daily MVPA 
Positive 
Kim et al  483 Japanese men 
and women 
Cross-sectional Metabolic syndrome Accelerometer 
defined sedentary 
time 
Age, sex, smoking status, 
calorie intake, accelerometer 
wear time, minutes of daily 
MVPA 
Positive 
Li et al  358 Chinese men 
and women 
Cross-sectional Metabolic syndrome TV viewing Age, sex, BMI Positive 
Mabry et al 2012 1335 Omani men 
and women 
Cross-sectional Metabolic syndrome 
(WHO) 
Self-reported daily 
sitting 
Age, sex, marital status, 
employment status, fruit and 
vegetable intake, family history 
None 
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and MET-min/wk from MVPA 
Sisson  et al 2009 3556 American men 
and women 
Cross-sectional Metabolic syndrome 
(AHA) 
TV viewing and 
computer usage 
Age, sex,  smoking, education, 
ethnicity, percentage fat in 
diet, adherence to physical 
activity recommendations 
Positive for 
men only 
Scheers et al  370 Flemish men & 
women 
Cross-sectional Metabolic syndrome Accelerometer 
defined sedentary 
time 
Age, sex, education, smoking 
status, alcohol consumption, 
minutes of MVPA 
Null 
Stamatakis et al 
2012 
2765 British men 
and women 
Cross-sectional Diabetes Self-reported leisure 
time sitting and 
accelerometer 
defined sedentary 
time 
Age sex, employment status, 
smoking status, education, 
depression, alcohol 
consumption, fruit and 
vegetable intake,  
accelerometer wear time and 
minutes of daily MVPA 
Positive 
Tonstad et al 2009 60903 American 
men and women 
Cross-sectional Diabetes Self-reported TV 
viewing 
Age, sex, ethnicity, education, 
income, alcohol use, sleep 
habits,  daily MVPA, and BMI 
Positive 
Vancampfort 2012 114 Belgian men 
and women 
Cross-sectional Insulin resistance Self-reported total 
sitting 
Age, sex, smoking, BMI and 
minutes of weekly MVPA 
Positive 
Wijndaele et al 2009 992 Flemish men 
and women 
Cross-sectional Metabolic syndrome 
risk score 
TV 
viewing/computer 
use 
Age education level, smoking 
status, dietary intake and 
leisure time physical activity 
Positive 
Yateset al 2012 505 British men and 
women 
Cross-sectional Insulin resistance Self-reported total 
sitting 
Age, sex, ethnicity, social 
deprivation, smoking status, 
daily MVPA, and BMI 
Null 
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Appendix 1.4. Summary of studies: sedentary behaviour and obesity 
Author Sample  Study design Outcome (no. cases, 
% of sample if 
reported) 
Sedentary measure Covariates Association 
Ball et al 2002 8726 Australian 
women 
Prospective, 4yr, f/u BMI maintenance  Self-reported total 
sitting time 
Age, employment level, 
smoking, alcohol 
consumption, marital status, 
selected eating behaviours 
Positive 
Blanck et al 2007 18583 American 
men and women 
Prospective, 7 yr f/u Weight gain Self-reported leisure 
time sedentary 
behaviour 
Age, education, BMI, HRT, 
smoking, daily energy intake 
Positive 
Ching et al 1996 17795 American 
men 
Prospective, 2yr f/u Obesity TV viewing Age, smoking status, leisure 
time physical activity 
Positive 
Crawford et al 1999 881 American men 
and women 
Prospective, 3yr f/u BMI TV viewing Age, education smoking, 
diet 
Null 
Coakley et al 1998 19478 American 
men 
Prospective, 4yr f/u Weight change TV viewing Age, hypertension and 
hypercholesterolaemia 
Positive 
De Cocker et al 2010 5562 Australian 
women 
Prospective, 6 yr f/u Weight gain Self-reported total 
sitting 
Age,  area of residence, 
education, employment 
grade, marital status, 
number of children, 
smoking status, alcohol 
consumption, leisure time 
physical activity 
Null 
Ekelund et al 2008 393 British men 
and women 
Prospective, 5.6 yr 
f/u 
BMI, fat mass, waist 
circumference 
Heart rate defined 
sedentary time 
Age, sex, physical activity 
energy expenditure 
None. 
Reverse 
causality 
observed 
Hu et al 2003 50277 American 
women 
Prospective, 6yr f/u Obesity (3757, 7.5%) TV viewing >40 vs 
<1hrs.wk 
Age, hormone use, alcohol, 
smoking, family history, 
Positive 
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diabetes mellitus, physical 
activity, diet 
Mortensen et al 2006 4945 American 
men 
Prospective, 13 yr 
f/u 
BMI Self-reported sitting Age, sex, smoking, physical 
activity 
Null. Reverse 
causality 
observed 
Oken et al 2007 902 American 
women 
Prospective, 6 
month f/u 
Post-partum weight 
retention 
TV viewing Maternal education, 
gestational weight gain, 
prepregnancy BMI, smoking 
status 
Positive 
Parsons et al 2007 11301 British men 
and women 
Prospective, 30 yr 
f/u 
BMI TV viewing 
frequency 
Maternal BMI, social class, 
alcohol consumption, 
smoking, fruit and vegetable 
consumption 
Positive 
Pinto Pereira et al 
2012 
6562 British men 
and women 
Prospective, 5yr f/u BMI and BMI change TV viewing Age, frequency of MVPA, 
smoking status, fathers 
occupational class, 
education, longstanding 
illness, birth weight, diet, 
BMI and alcohol 
consumption, 
Null 
Raynor et al 2006 1422,  American 
men and women 
Prospective, 1yr  f/u Weight regain TV viewing Age, sex, ethnicity, 
education, employment 
status, marital status, 
physical activity 
Positive 
Saunders et al 2013 276 Canadian men 
and women 
Prospective, 6yr f/u Visceral fat 
accumulation 
Self-reported total 
sitting time 
Age, sex, baseline BMI, total 
physical activity, energy 
intake, smoking, education, 
income, 
Positive 
Stamatakis et al 2012 2972 British men 
and women 
Prospective 21 yr 
f/u  
Waist circumference TV viewing 
frequency 
Sex, smoking, alcohol, 
medication, social class, 
baseline exercise and MVPA 
Positive 
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at follow-up 
van Uffelen et al 2010   8233 Australian 
women 
Prospective,  Body weight gain Self-reported total 
sitting 
Age, education, marital 
status, depression, physical 
activity smoking status, 
alcohol intake, area of 
residence, energy intake 
Positive 
Wijndaele et al 2009 1867, Australian 
mean and women 
Prospective, 3yr f/u Weight gain TV viewing Age, sex, baseline BMI, 
education, marital status, 
smoking 
Positive 
Wijndaele et al 2010 3846 Australian 
men and women 
Prospective, 5yr f/u Waist circumference TV viewing Age, education, 
employment status, 
household income, smoking, 
alcohol intake, parental 
history of diabetes 
Positive 
       
Aadahl et al 2007 1693 Danish men 
and women 
Cross-sectional BMI, waist 
circumference 
TV viewing and 
leisure time 
sedentary behaviour 
Age, sex, diet, alcohol, 
smoking status,  
Positive 
Banks et al 2011 74981 Thai men 
and women 
Cross-sectional BMI TV viewing  Age, sex income and 
education 
Positive 
Bertrais et al 2005 3834  
French men and 
women  
Cross-sectional BMI Screen-time Age, sex, education, 
smoking status, adherence 
to PA recommendations 
Positive 
Bowman et al 2006 9157 American 
men and women 
Cross-sectional Overweight TV viewing Age, sex, ethnicity, 
household income, exercise 
frequency, snacking 
frequency 
Positive 
Brown et al 2003 714 Australian 
men and women 
Cross-sectional Overweight or obesity Self-reported sitting Age, sex, number of 
children, working pattern, 
leisure time physical activity 
Positive 
Chang et al 2008 2353 Cross-sectional BMI and waist TV viewing Age, sex, education, Positive 
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Taiwanese men 
and women 
circumference household income, smoking 
status, alcohol intake, 
leisure time physical activity 
Charreire et al 2010 4682 French men 
and women 
Cross-sectional Overweight TV viewing Age, education level, 
smoking status, place of 
residence 
Positive 
Chau et al 2012 10785 Australian 
men and women 
Cross-sectional Obesity Leisure time sitting Age, sex, education Positive 
Ching et al 1996 17795 American 
men 
Cross-sectional Obesity TV viewing Age, smoking status, leisure 
time physical activity 
Positive 
Cleland et al 2008 2001 Australian 
men and women 
Cross-sectional Waist circumference TV viewing Age, sex, occupation, 
education, smoking status, 
number of children, leisure 
time physical activity 
Positive 
Choi et al 2010 2019 American 
men and women 
Cross-sectional Obesity Occupational sitting Age, sex, marital status, 
number of children, 
household income, 
depression, longstanding 
illness, smoking, alcohol 
consumption, Leisure time 
MVPA 
Positive 
de Heer et al  11268 Mexican 
men and women 
Cross-sectional Obesity Self-reported daily 
sitting time 
Age, sex, employment 
status, educational 
attainment, family history of 
diabetes, hypertension, 
cholesterol level, and leisure 
time physical activity. 
Positive 
Dickerson 2011 2840 American 
men and women 
Cross-sectional BMI TV viewing Age, sex, ethnicity, 
education, area of 
residence, weekly MVPA 
Positive  
Du et al 2013 466605 Chinese Cross-sectional BMI, waist Self-reported leisure Age, sex area of residence, Positive 
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men and women circumference and 
body fat percentage 
time sitting leisure time physical activity 
energy expenditure 
Dunstan et al 2005 6162 Australian 
Men and women 
Cross-sectional Obesity TV viewing Age, sex, education, marital 
status, family history of 
diabetes, dietary intake, 
leisure time MVPA 
Positive 
Dunton et al 2009 10984 American 
men and women 
Cross-sectional BMI Leisure time 
sedentary 
behaviours and 
sedentary transport 
Age, sex, education, 
ethnicity, MVPA 
Positive 
Ekelund et al 2008 393 British men 
and women 
Cross-sectional BMI, fat mass, waist 
circumference 
Heart rate defined 
sedentary time 
Age, sex, physical activity 
energy expenditure 
Positive 
Fitzgerald et al 1997 2453 Male and 
female Pima 
Indians 
Cross-sectional BMI TV viewing Age and physical activity Positive 
Fotheringham et al 
2000 
697 Australian 
adults 
Cross-sectional BMI Computer use Age, sex, physical activity Null 
Frank et al 2004 10878 American 
men and women 
Cross-sectional Obesity Sitting in a car Age, sex, ethnicity, 
education, household 
income, transport related 
physical activity 
Positive 
Fung et al 2000 468 American men Cross-sectional BMI TV viewing Age, alcohol consumption, 
fibre and fat intake, smoking 
status 
Positive 
Gao et al 2007 455 Puerto Rican 
and Dominican 
men and women 
Cross-sectional Waist-hip ratio 
 
TV viewing Age, sex, ethnicity, 
education, BMI, smoking 
status, alcohol, fat intake, 
activities of daily living 
score, leisure time MVPA 
Positive 
Giles-Corti et al 2003 1803 Australian 
men and women 
Cross-sectional Overweight and 
obesity 
TV viewing Age, sex, area 
socioeconomic status, 
Positive 
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leisure time physical activity 
Granner et al 2010 189 American 
women 
Cross-sectional BMI TV viewing Age, education, 
employment status, physical 
activity 
Positive 
Healy et al 2008 168 Australian 
men and women 
Cross-sectional Waist circumference 
and BMI 
Accelerometer 
defined sedentary 
time 
Age, sex, educational 
attainment, ethnicity, 
income, smoking status, 
alcohol consumption, diet, 
medical history, and daily 
MVPA 
Positive 
Healy et al 2008 169 Australian 
men and women 
Cross-sectional Waist circumference Accelerometer 
defined sedentary 
time 
Age, sex, educational 
attainment, ethnicity, 
income, smoking status, 
alcohol consumption, diet, 
medical history, and daily 
MVPA 
Positive 
Healy et al 2011 4757 American 
men and women 
Cross-sectional Waist circumference Accelerometer 
defined sedentary 
time 
Age, sex , educational 
attainment, ethnicity, 
income, smoking status, 
alcohol consumption, diet, 
medical history 
Positive 
Heinonen et al 2013 1993 Finish men 
and women 
Cross-sectional BMI and waist 
circumference 
Self-reported leisure 
time sitting 
Age, sex, socioeconomic 
status, smoking status, 
alcohol consumption, diet, 
genetic variants associated 
with body mass, 
occupational physical 
activity 
Positive 
Helmink et al 2011 221 Dutch adults Cross-sectional BMI Self-reported total 
sitting 
Age, sex, education, 
occupation, country of birth, 
total leisure time physical 
Positive 
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activity 
Ishizaki et al 2004 6676 Japanese 
men and women 
Cross-sectional BMI and waist-hip 
ratio 
Occupational sitting Age, sex, smoking status, 
alcohol consumption, 
education, marital status, 
habitual exercise 
Positive 
Jakes et al 2003 15515 British men 
and women 
Cross-sectional BMI TV viewing Age, alcohol  consumption, 
smoking, status, vigorous 
and total physical activity 
Positive 
Johnson et al 2006 1555 American 
women 
Cross-sectional Obesity TV viewing Age, socioeconomic status, 
smoking status, depression 
and physical activity 
Positive 
Komal et al 2010 4187 Indian men 
and women 
Cross-sectional Obesity TV viewing Age, sex, leisure time 
physical activity 
Null 
Kronenberg et al 2000 1778 American 
men and women 
Cross-sectional BMI TV viewing Age, study centre, smoking 
status, alcohol 
consumption, education, 
income and leisure time 
physical activity 
Positive 
Leite and Nicolosi 
2006 
1415 Italian men 
and women 
Cross-sectional Waist circumference TV viewing Age, sex, employment 
status, education, smoking 
status, alcohol 
consumption, diet, 
occupational physical 
activity, leisure time 
physical activity 
Positive 
Lynch et al 2010 111 American 
women 
Cross-sectional BMI Accelerometer 
defined sedentary 
time 
Age, ethnicity, education, 
marital status, energy 
intake, MVPA 
Positive 
Lynch et al 2011 103 American men Cross-sectional Waist circumference TV viewing Age, ethnicity, education, 
marital status, energy 
intake, MVPA 
Null 
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Maher et al 2013 4618 American 
men and women 
Cross-sectional Waist circumference Accelerometer 
defined sedentary 
time 
Age, sex, ethnicity, 
education, household 
income, medical history, 
smoking status, alocohol 
consumption, total energy 
and fat intake, total physical 
activity counts 
Null 
Martinez-Gonzalez et 
al 1999 
15239 European 
men and women 
Cross-sectional BMI and obesity Self-reported total 
sitting time 
Age, sex, country of 
residence, physical activity 
Positive 
McGuire et al 2011 126 Canadian men 
and women 
Cross-sectional Abdominal obesity Accelerometer 
defined sedentary 
time 
Age and sex Null 
Mummery et al 2005 1579 Australian 
men and women 
Cross-sectional BMI Occupational sitting 
time 
Age, occupation, leisure 
time physical activity 
Positive 
Oppert et al 2006 5478 French men 
and women 
Cross-sectional BMI, waist 
circumference, body 
fat 
Occupational sitting Age, educational level Positive for 
waist 
circumference 
Parsons et al 2005 11109 British men 
and women 
Cross-sectional BMI TV viewing Age, parental BMI, Social 
class, smoking, alcohol 
intake, Diet, physical activity 
Positive 
Proper et al 2007 1048 Australian 
men and women 
Cross-sectional Overweight and 
obesity 
Leisure time sitting Age, sex, socioeconomic 
status, education, working 
hours, physical activity 
Positive 
Richmond et al 2010 6049, American 
women 
Cross-sectional BMI TV viewing Age, ethnicity, maternal 
education, parental obesity, 
household income 
Positive in 
black women 
only 
Salmon et al 2000 3392 Australian 
men and women 
Cross-sectional BMI TV viewing Age, sex, ethnicity, 
socioeconomic status, 
household income 
Positive 
Santos et al 2010 4091 Azorean men Cross-sectional BMI Self-reported total 
sitting 
Age, meal frequency, 
smoking, alcohol 
Positive 
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consumption 
Schaller et al 2005 893 German men 
and women 
Cross-sectional Obesity TV and computer 
use 
Age, sex, energy intake, 
smoking, socioeconomic 
status and physical activity 
Positive 
Shields et al 2008 42612 Canadian 
men and women 
Cross-sectional Obesity TV viewing, 
computer use, 
reading 
Age, sex, marital status, 
household income, area or 
residence, immigrant status, 
leisure time physical activity 
Positive for 
TV and 
computer use 
Shuval et al 2013 452 American 
adults 
Cross-sectional BMI and waist 
circumference 
Self-reported total 
sitting, sitting in 
transport and 
computer use 
Age, sex, ethnicity, marital 
status, health status, 
physical activity, health 
insurance coverage 
Positive 
Sidney et al 1996 4280 American 
men and women 
Cross-sectional Obesity TV viewing Age, education, smoking, 
alcohol consumption, test 
centre, physical activity 
score 
Positive 
Stamatakis et al 2012 5948 British men 
and women 
Cross-sectional Waist circumference 
and BMI 
TV viewing other 
leisure time sitting 
and accelerometer 
defined sedentary 
time 
Age, sex , social class, 
employment status, alcohol 
consumption, unhealthy 
eating index, psychological a 
distress, medication, 
occupational physical 
activity, accelerometer 
defined MVPA 
Positive 
Stamatakis et al 2012 2765 British men 
and women 
Cross-sectional BMI and waist 
circumference 
Self-reported sitting 
and accelerometer 
defined sedentary 
time 
Age, sex, occupational 
status, smoking, education, 
depression, alcohol 
consumption, medication, 
diet, accelerometer wear 
time (where appropriate), 
diet.  
Positive 
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Stamatakis et al 2009 6215 Scottish men 
and women 
Cross-sectional BMI and waist 
circumference 
defined obesity 
TV viewing/screen 
based 
entertainment 
Age, sex, occupational class, 
frequency of snacking, 
adherence to physical 
activity guidelines 
Positive 
Sugiyama et al 2010 1408 Australian 
men and women 
Cross-sectional BMI TV viewing time Age, sex, ethnicity, 
socioeconomic status, active 
transport 
Positive 
Sugiyama et al 2008 2210 Australian 
men and women 
Cross-sectional Obesity Leisure time 
sedentary behaviour 
Age, sex, educational 
attainment, employment 
status, household income, 
physical activity 
Positive 
Swartz et al 2012 232 American men 
and women 
Cross-sectional Body fat  Accelerometer 
defined sedentary 
time 
Age, sex, lifestyle moderate, 
walking moderate and 
vigorous intensity physical 
activities 
Positive 
Thomson et al 2008 613 Canadian men 
and women 
Cross-sectional Overweight and 
obesity 
TV viewing Age, sex, snacking behaviour Positive 
Thorp et al 2010 4164 Australian 
men and women 
Cross-sectional BMI and waist 
circumference 
Self-reported sitting 
and TV viewing 
Age, sex, education, family 
history of diabetes, 
employment status, 
smoking status, alcohol 
intake, diet quality, total 
leisure time physical activity 
time 
Positive 
Tudor-Locke et al 
2009 
158 Australian 
women 
Cross-sectional BMI Occupational sitting unadjusted Positive 
Vandelanotte et al 
2009 
2650 Australian 
men and women 
Cross-sectional Overweight and 
obesity 
Internet and 
computer use 
Age, sex, employment 
status, education, physical 
activity 
Positive 
van Uffelen et al 2010   8233 Australian 
women 
Cross-sectional Body weight Self-reported total 
sitting 
Age, education, marital 
status, depression, physical 
Positive 
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activity smoking status, 
alcohol intake, area of 
residence, energy intake 
Vioque et al 2000 1772 Spanish men 
and women 
Cross-sectional Obesity TV viewing Age, sex, educational level, 
smoking, marital status. 
Physical activity 
Positive 
Yates et al 2012 505 British men 
and women 
Cross-sectional BMI and waist 
circumference 
Self-reported total 
sitting 
Age, sex, ethnicity, social 
deprivation, smoking status, 
daily MVPA, and BMI 
Null 
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Appendix 2.1. Ethics approval for intervention study (chapter 10) 
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Appendix 2.2. Participant information (chapter 10) 
 
SPORT AND HEALTH SCIENCES 
College of Life and Environmental Sciences 
St Luke’s Campus 
Heavitree Road 
Exeter 
EX1 2LU 
United Kingdom 
 
Tel: +44 (0)1392 722896/722884 
Fax: +44 (0)1392 724726 
Email: sshs-school-office@exeter.ac.uk 
 
February 2013 
 
 
Does prolonged sitting affect markers of metabolic health? 
Participant information sheet 
Investigators: Richard Pulsford, Dr Katarina Kos, Associate Professor Melvyn Hillsdon 
 
We would like to invite you to take part in a research study. Before you decide, it is important for you to understand 
why the research is being done and what it will involve. Please take the time to read the following information and 
to discuss it with other people, including the researchers, your friends, relatives and your healthcare team if you 
wish. Ask if there is anything that is not clear or if you would like more information or the opportunity to discuss the 
study further. Take time to decide whether you wish to take part in this study.  
Thank you for taking the time to read this information. 
What is the purpose of this study? 
It is widely acknowledged that physical activity is associated with many positive health benefits such as a reduced 
risk of obesity, diabetes, heart disease, high blood pressure and cholesterol. However in the last 10 years, 
considerable attention has been directed at possible harmful effects of prolonged periods of sitting, either at work 
or at home. Sitting down for extended periods may increase the risk of diseases such as obesity, diabetes and heart 
disease and may increase the amount of fats and sugar in the blood. It has also been observed that interrupting long 
periods of sitting may lessen these risks. However, little is known about the relationship between different patterns 
of sitting and health. The aim of this study is to examine the changes that occur in the levels of sugars (glucose) and 
hormones that control appetite in the blood during a whole day of sitting compared to days when sitting time is 
broken up by short bouts of standing or walking. The results will help us better understand the risks of prolonged 
sitting and the potential benefits of breaking up prolonged periods of sitting. 
Why have I been invited? 
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We have invited you to take part because we are looking for male participants who meet a range of entrance criteria 
for this study. 
Who is organising the study? 
The organisers of this study are Richard Pulsford and Associate Professor Melvyn Hillsdon from the University of 
Exeter and Dr Katarina Kos of the University of Exeter Medical School. 
What would I have to do? 
You will be asked to attend a laboratory at the University of Exeter’s St. Luke’s campus on four separate occasions.  
Preliminary testing visit (visit 1) 
This will take no more than 90 minutes. This visit will initially provide you with an opportunity to discuss with the 
investigators any questions you may have regarding any aspect of the study’s objectives, procedures or results. You 
will then be asked to sign a consent form stating that you are happy to take part.  
If you agree to take part the rest of this first visit will involve some preliminary measurements including, height, 
weight, body fat percentage (using an electronic scale) and blood pressure (using an automatic blood pressure 
monitor). You will then be fitted with a portable gas analyser consisting of a rubber face mask attached to a small 
box which you will wear for a total of 35 minutes and which will collect and analyse all the air you breathe out. You 
will be seated for the first 20 minutes before being asked to stand for five minutes. You will then sit down for 
another 5 minutes before being asked to walk on a small motorised treadmill for 5 minutes. This will provide us with 
an idea of how much energy you use while sitting, standing and walking.  
Before you leave you will be given an instruction pack for the remainder of the study. You will be required to;  
1. wear an accelerometer ( a small activity monitor which looks like a wrist watch) for 1 day prior to each 
subsequent visit. You will hand this in upon arrival for the main trial days  
2. record your food intake on the day prior to the first main trial and then repeat the same food intake as far as 
possible on the day prior to subsequent trial days 
3. refrain from any moderate or vigorous intensity physical activity (other than day to day tasks) for 48 hrs and 
from consuming alcohol for 24 hrs prior to attendance at the main trials 
4. to refrain from eating or drinking anything apart from water for 10 hrs prior to the main trials 
Trials 1-3 (visits 2-4) 
Each trial day will last from 8.30am to 5.30pm. Upon arrival a cannula (small rubber tube) will be placed in a vein in 
your arm using a small needle to allow us to obtain blood samples. You will also be fitted with another 
accelerometer for your wrist and a similar activity monitor that attaches to your thigh using adhesive strips to 
monitor your activity during the day. During trial 1 you will be asked to sit at a desk from 9.00am to 5.00pm. You will 
be provided with a computer with internet access and a selection of newspapers. You are also free to bring any 
work, DVDs or books from home. Trials 2 and 3 are exactly the same but the day will be broken up by 2 minute 
periods of standing (trial 2) and slow walking on a small walking platform (trial 3) every 20 minutes. You will be given 
a test drink (Lucosade) during the morning and a meal replacement drink at lunch time. The meal replacement drink 
is a bit like a milkshake and is designed to provide all the nutrients required from a normal meal. You will also be free 
to drink as much water as you like during the trial days. Over the course of the day a total of 19 small blood samples 
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will be taken from the cannula while you are seated to examine the levels of glucose and insulin circulating in your 
blood.  
At 5.00pm on each trial day, following the final blood collection, the cannula will be removed and you may help 
yourself to a selection of food.  
Do I have to take part? 
Please remember that participation in this study is entirely voluntary. It is up to you to decide whether you would 
like to take part or not and if you decide to take part you are free to leave the study at any time without giving a 
reason as to why you wish to do so. If you do decide to participate in this study you will be asked to sign a consent 
form before you start. You will be given a copy of the consent form and this information sheet for your own records. 
What are the potential risks of taking part? 
Blood sampling and intravenous access can cause some temporary discomfort associated with insertion of a needle. 
There is also a small risk of localised bleeding/bruising, risk of blood clot formation (less than 1 in 100) or fainting. 
However these techniques are used extensively in physiological testing. The investigators are trained and 
experienced in all aspects of these procedures to ensure that they are performed safely and with the minimum 
possible discomfort.  
Are my results confidential? 
If you consent to take part in this study you have a right to privacy. Your name will be linked to an ID number on a 
password protected database and only these IDs will be used as labels during blood and data analysis.  
What will happen to the results of this study? 
The results will increase our understanding of the risks associated with prolonged sitting and the potential benefits 
of breaking up extended periods of sitting. We will aim to publish the findings in research journals and to present 
them at conferences in the UK or abroad. Your data will always remain anonymous and your name will not appear 
on any results. 
Who has reviewed this study? 
All research activity at the University of Exeter is examined and approved by an ethics committee to protect your 
interests. This study has been approved by the Ethics Committee of Sport and Health Sciences, College of Life and 
Environmental Sciences, University of Exeter. 
Contacts for further information 
If you would like more information or if you have any further questions about the study please contact the 
investigators using the details below: 
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Richard Pulsford Associate Professor Melvyn Hillsdon 
School of Sport and Health Sciences School of Sport and Health Sciences 
Richards Building Richards Building 
St. Lukes Campus St. Lukes Campus 
Exeter University Exeter University 
EX12LU EX12LU 
Tel: 07709 179 500 Tel: 01392 722868 
Email: rmp210@exeter.ac.uk Email: m.hillsdon@exeter.ac.uk 
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Appendix 2.3. Informed consent form 
 
 
  SPORT AND HEALTH SCIENCES 
College of Life and Environmental Sciences 
St Luke’s Campus 
Heavitree Road 
Exeter 
EX1 2LU 
United Kingdom 
 
Tel: +44 (0)1392 722896/722884 
Fax: +44 (0)1392 724726 
Email: sshs-school-office@exeter.ac.uk 
 
                                                                                    
Informed consent form 
Does prolonged sitting affect markers of metabolic health? 
Participant identification number:   
Investigator: Richard Pulsford                                                 please initial each box 
 
1. I confirm that I have read and understand the information sheet dated January 2013 and 
have been given a copy to keep   
2. I have had the opportunity to ask questions about the study and have received satisfactory 
answers 
3. I understand that my participation is voluntary and that I am free to withdraw at any time 
without giving any reason 
4. I agree that  my details can be stored on a secure computer database  
5. I understand that my blood samples will be stored for analysis now and in the future in 
research related to this study and only by this research group  
6. I understand that if I am withdrawn from the study, data and samples already collected and 
anonymised may be used in conjunction with this study 
7. I understand that the study consists of three trial days which begin at 8.30AM and are 
anticipated to finish at around 5.00PM 
8. I agree to take part in the above study and know how to contact the research team  
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When you have initialled all the boxes above, please sign and date below 
 
 
 
  
 
  
 Name of Participant   Date (DD/MM/YYYY)   Signature 
 
 
 
 
    
Name of Person taking Consent 
(Investigator or other designated person) 
 
 
 
 Date (DD/MM/YYYY)  Signature 
Name of the investigator   Date (DD/MM/YYYY)   Signature 
1 for participant; 1 for researcher 
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Appendix 2.4. Physical activity readiness questionnaire (chapter 10) 
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Appendix 2.5. Participant pre-trial instructions (chapter 10) 
 
Pre-trial instruction sheet 
 
 
Thank you very much for agreeing to take part in the SIT Study. We are very grateful for your help. It is very 
important that you adhere to the following do’s and don’ts on the day before each trial: 
 
1. DO – wear the physical activity monitor provided. This should be worn on your left wrist (like a wrist watch) 
from 8.30AM on the day before the trial day and taken off and given to one of the investigators when you 
arrive at the laboratory on the morning of your trial.  
 
2. DO – accurately record everything you eat and drink on the day before each trial day on the food diary 
sheet provided. It is very important that you then use this sheet to follow the exact same diet on the day 
before the next trial days. 
 
3. DO NOT – undertake any moderate or vigorous exercise or physical activity (e.g. going to the gym, playing 
sport, or going jogging) on the two days prior to each trial. Day to day activities such as walking, stair 
climbing and light house work are fine. 
 
4. DO NOT – consume any alcohol on the day before the main trials. 
 
5. DO NOT – eat or drink anything apart from water after 10.00PM on the day before the main trials. In order 
to accurately measure how your blood sugar is regulated it is very important that you attend the laboratory 
having fasted for 10 hours. 
 
6. DO – attend the laboratory in comfortable clothing (loose fitting trousers – tracksuit trousers would be best) 
and footwear (training shoes). One of the activity monitors will be attached on your thigh so wearing shorts 
underneath your trousers would be a good idea. 
 
 
Adherence to all these instructions is vital to the measurements we can make during the trials. We ask that you do 
your utmost to keep to these instructions. However, if you forget to adhere to any part of them please contact 
Richard as soon as possible and you trial can be rescheduled. 
If you have any questions or problems regarding any part of these instructions please contact Richard immediately 
on 07709179500 
Thanks again 
SIT Study 
 477 
 
Appendix 2.6. Food record diary (chapter 10) 
 
Food Diary 
We would like you to record everything you eat and drink on the day before your 
first main trial day. The quantity of each item can be described in weight (e.g. grams 
of rice), volume (e.g. a hand-full of pasta) or simply the number of items/portions 
(e.g. number of Weetabix/cups of fruit juice).  
We would like you to repeat this exact diet on the day before the next two trial days. 
 Food 
 Type Quantity 
 
 
Breakfast 
  
  
  
  
  
 
Morning 
(before lunch) 
  
  
  
  
  
 
 
 
Lunch 
  
  
  
  
  
  
  
 
Afternoon 
(between lunch and 
evening meal) 
  
  
  
  
  
 
 
 
 
Evening meal 
  
  
  
  
  
  
  
  
  
SIT Study 
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Evening 
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Appendix 2.6. Timetable for main trial days 
 
Real Time Test Clock Participant Bloods Intervals/meals 
0830  8.30 – 8.45 
arrival at lab 
  
0840    
0850  Weight taken   
0900  0900 Seated 
0900-1000 Rest 
period 
Cannula inserted  
0910    
0920    
0930    
0940    
0950    
1000 0.00  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Main test 
protocol 
Baseline sample(1)  OGTT(3) – Int1(4) 
1010 0.10 Sample 2  
1020 0.20 Sample 3(1) Int2(2) 
1030 0.30 Sample 4  
1040 0.40  Int3 
1050 0.50   
1100 1.00 Sample 5(1) Int4(3) 
1110 1.10   
1120 1.20  Int5 
1130 1.30 Sample 6  
1140 1.40  Int6 
1150 1.50   
1200 2.00 Sample 7(1) Int7(3) 
1210 2.10   
1220 2.20  Int8 
1230 2.30 Sample 8  
1240 2.40  Int9 
1250 2.50   
1300 3.00 Sample 9(1) Test meal(3)  Int10(4) 
1310 3.10 Sample 10  
1320 3.20 Sample 11(1) Int11(2) 
1330 3.30 Sample 12  
1340 3.40  Int12 
1350 3.50   
1400 4.00 Sample 13(1) Int13(2) 
1410 4.10   
1420 4.20  Int14 
1430 4.30 Sample 14  
1440 4.40  Int15 
1450 4.50   
1500 5.00 Sample 15(1) Int16(3) 
1510 5.10   
1520 5.20  Int17 
1530 5.30 Sample 16  
1540 5.40  Int18 
1550 5.50   
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1600 6.00 Sample 17(1) Int19(3)  
1610 6.10   
1620 6.20  Int20 
1630 6.30 Sample 18  
1640 6.40  Int21 
1650 6.50   
1700 7.00 Food and drinks 
provided. 
Participants free 
to leave 
Sample 19(2)  Int22(1)  
1710 7.10 –cannula out  
1720 7.20   
1730 7.30   
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Appendix 3.1 Gant chart for PhD studies 
 
 
  Year 1  Year 2  Year 3  
  2010 2011 2012 2013 
  O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D 
 PhD Upgrade                                         
Chapter 1  Writing                                        
Chapter 2  Writing                                        
Chapter 3 Lit searches                                        
 Writing                                        
Chapter 4 Whitehall II Study                                        
Chapter 5 Data analyses                                        
 Writing                                        
Chapter 6  Data analyses                                        
 Writing                                        
Chapter 7  Data analyses                                        
 Writing                                        
Chapter 8 Data analyses                                        
 Writing                                        
Chapter 9 HSE analyses                                        
 Writing                                        
Chapter10 Planning                                         
 Recruitment                                        
 Data collection                                        
 Data analyses                                        
 Writing                                        
Chapter11 Writing                                        
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